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The Effect of Dietary Manipulation of Protein and Energy    
Levels during the Growing Period on Egg-type Pullet  
Growth and Laying Performance 
(Ph.D. Thesis) 
Mutaz Saeed Babiker Mahmoud 
 
Abstract: A (3 × 3) factorial arrangement was used in a completely 
randomized design to study the effect of early nutrition on pullet growth 
and subsequent egg production. Three levels of protein and three levels 
of energy during stages of pullet growth (starter 0 to 6 wk, grower 7 to 12 
wk, and developer 13 to 18 wk of age) and their effect on growth and 
laying performance (19 to 66 wk of age) were evaluated. In all phases of 
growing period, control levels of protein (P2) and energy (E2) were set 
according to NRC (1994), and the other levels were higher (P3 and E3) 
and lower (P1 and E1). A total of 9 treatments in each phase of the 
growth period were employed (P1=16, P2=18, and P3=20% CP) and    
(E1 = 2650, E2 = 2850, and E3 = 3050 kcal of ME/kg of diet) starter, (P1 
= 14%, P2 = 16%, and P3 = 18% CP) and (E1 = 2650, E2 = 2850, and E3 
= 3050 kcal of ME/kg of diet) grower, and (P1 = 13%, P2 = 15%, and P3 
= 17% CP) and (E1 = 2700, E2 = 2900, and E3 = 3100 kcal of ME/kg of 
diet) developer. Each treatment was replicated three times with ten birds 
each. Treatments in the factorial arrangement were kept the same for bird 
groups in every phase but at 19 week of age all groups were shifted to the 
layer diet up to 66 week of age. Diets ingredients used were sorghum 
(Feterita), groundnut cake, sesame cake, and wheat bran. Body weights 
(BW), body weight gain (BWG), feed consumption (FC), feed 
 xvi 
conversion (FCR) and total blood lipids were measured and at the end of 
each growth phase. Age at first egg and 50% egg production was 
recorded. At 25 week of age, the weight of carcass and various organs 
were recorded.  
Higher protein levels consistently increased BWG of pullets during the 
starter (P ≤ 0.01) and grower periods (P ≤ 0.05). Pullets fed the control 
and higher levels of protein (P2 and P3) during the all phases of growth 
were significantly heavier (P ≤ 0.01) than those fed the low protein level. 
High protein diets  P2 and P3 during starter period resulted in improved 
FCR of birds compared to those pullets fed the low level (P1) of protein 
diet (P ≤ 0.05). Oviduct development was affected by dietary protein and 
energy levels during the growing period (P ≤ 0.01). The larger oviduct 
weights were observed (P ≤ 0.01) for the higher levels of protein P2 and 
P3. Ages at first egg and 50% production were significantly advanced (P 
≤ 0.05) due to the use of high protein diets.  
Dietary energy levels had no effects on BW, BWG, and FCR during all 
phases except phase one. The energy levels E1 and E3 fed to the birds 
resulted in increased oviduct weight than those fed E2 energy level (P ≤ 
0.01). Feed consumption was not affected by dietary protein and energy 
levels during the growing period.  
The layer performance of the different treatment groups was evaluated. 
In phase one of egg production cycle (22 to 36 week of age), hen-day egg 
production was influenced (P ≤ 0.01) by protein levels fed to the birds 
during the growing period. P2E3 diet had the best hen-day egg 
 xvii 
production. Egg mass was significantly (P ≤ 0.01) affected by dietary 
protein levels fed to the birds during the growing period. The higher 
dietary protein levels (P2 and P3) fed to the birds during the growing 
period had higher egg mass than those fed the lowest protein level P1. 
Increasing the dietary protein levels for pullets improved their feed 
conversion (P ≤ 0.01). Egg weight, egg length, egg width, and feed 
consumption were not influenced by dietary protein levels fed to the 
birds during the growing period. 
Egg weight, mass, length, width and shape index and feed conversion 
were not affected by dietary energy levels fed to the birds during the 
growing period. The internal egg characteristics were not affected by 
protein or energy during the growing period. The only exception was 
yolk weight, which was greater (P ≤ 0.05) for the birds fed the medium 
dietary protein level (P2) than those fed the others levels.  
In phase two of egg production (40 to 64 week of age), egg length, width, 
weight, and mass, FC, and FCR were not affected by dietary protein and 
energy levels fed to the birds during the growing period. There was an 
interaction effect between energy and protein levels during the growing 
period for the egg mass (P ≤ 0.05). The highest egg mass was observed 
for the birds fed P2E3 diets. Albumen height, Haugh unit, and yolk 
weight were significantly (P ≤ 0.05) influenced by protein levels fed to 
the birds during the growing period. The greater albumen heights were 
observed for the higher protein level (P2 and P3). Internal egg 
characteristics were not influenced by dietary energy levels used during 
the growing period. The only exception was for the Haugh unit, which 
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was greater (P ≤ 0.01) for the medium energy level (E2). Hen-day egg 
production was not affected by protein and energy levels. The highest 
hen-day egg production was recorded with P2E3 diet for phase two of 
production cycle.  
Although, protein and energy levels used during the growing period did 
not affect hens BW during the entire experimental production period (22 
to 64 week of age), they significantly (P ≤ 0.01) affected the hen-day egg 
production. The best hen-day egg production was recorded with P2E3 
diet. 
Feed ingredients were analyzed for proximate composition, minerals, and 
amino acid contents. Because the nutrient values of these ingredients are 
reported in the form of fixed figures in local Standard Tables, a study 
was undertaken to know if it is necessary to make analyses for feed 
ingredients before formulating the diets. Considerable variations were 
observed between samples and the local Standard Table’s values.  
Thus, based on this study, birds fed high levels of protein diets during the 
early stages of growing period had the best BWG, BW, and FCR and had 
well developed reproductive organs. P2E3 diet had the best hen-day egg 
production for the two phases and the entire experimental production 
cycle.  
The variation observed between analyzed samples and table values 
strongly indicates that confirmatory analyses should be conducted prior 
to use of ingredients for formulating the poultry diets especially in the 
field of research. 
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 ﺃﺜﺭ ﺍﻟﺘﻐﻴﻴﺭﺍﻟﻐﺫﺍﺌﻰ ﻓﻲ ﻤﺴﺘﻭﻴﺎﺕ ﺍﻟﺒﺭﻭﺘﻴﻥ ﻭ ﺍﻟﻁﺎﻗﺔ ﺃﺜﻨﺎﺀ ﻤﺭﺤﻠﺔ
 ﺍﻟﻨﻤﻭ ﻋﻠﻰ ﻨﻤﻭ ﻓﺭﺍﺭﻴﺞ ﺍﻟﺒﻴﺎﺽ ﻭﺃﺩﺍﺌﻬﺎ ﺍﻹﻨﺘﺎﺠﻲ
 
  ( ﺃﻁﺭﻭﺤﺔ ﺩﻜﺘﻭﺭﺍﻩ)
 
  ﻤﻌﺘﺯ ﺴﻌﻴﺩ ﺒﺎﺒﻜﺭ ﻤﺤﻤﻭﺩ
  
ﺼﻤﻴﻡ ﺍﻟﻜﺎﻤل ﺍﻟﻌﺸﻭﺍﺌﻴﺔ ﻟﺩﺭﺍﺴﺔ ﺃﺜﺭ ﺒﺎﻟﺘ( 3 × 3)ﺍﺴﺘﺨﺩﻤﺕ ﺍﻟﺘﺠﺭﺒﺔ ﺍﻟﻌﺎﻤﻠﻴﺔ :ﺍﻟﻤﺴﺘﺨﻠﺹ  
ﻤﺴﺘﻭﻴﺎﺕ ﻤﻥ  ﺔﺘﻤﺕ ﺩﺭﺍﺴﺔ ﺜﻼﺜ. ﺍﻟﺘﻐﺫﻴﺔ ﺍﻟﻤﺒﻜﺭﺓ ﻋﻠﻰ ﻨﻤﻭ ﺍﻟﻔﺭﺍﺭﻴﺞ ﻭﺇﻨﺘﺎﺠﻬﺎ ﺍﻟﻤﻘﺒل ﻟﻠﺒﻴﺽ
ﺃﺴﺎﺒﻴﻊ،  6ﺇﻟﻰ  0ﺍﻟﺒﺎﺩﻱ ﻤﻥ )ﺍﻟﺒﺭﻭﺘﻴﻥ ﻭﺜﻼﺜﺔ ﻤﺴﺘﻭﻴﺎﺕ ﻤﻥ ﺍﻟﻁﺎﻗﺔ ﺃﺜﻨﺎﺀ ﻤﺭﺍﺤل ﻨﻤﻭ ﺍﻟﻔﺭﺍﺭﻴﺞ 
ﻭﺃﺜﺭﻫﻡ ﻋﻠﻰ ( ﺍﻟﻌﻤﺭﺍﺴﺒﻭﻉ ﻤﻥ  81ﺇﻟﻰ  31ﺍﺴﺒﻭﻉ ﻭﺍﻟﻤﻁﻭﺭ ﻤﻥ  21ﺇﻟﻰ  7ﺍﻟﻨﺎﻤﻲ 
ﻓﻲ ﻜل ﻤﺭﺍﺤل ﺍﻟﻨﻤﻭ ﻗﺩ ﻭﻀﻌﺕ ﺍﻟﻤﺴﺘﻭﻴﺎﺕ ﺍﻟﺤﺎﻜﻤﺔ . ﻨﻤﻭﺍﻟﻔﺭﺍﺭﻴﺞ ﻭﺍﻷﺩﺍﺀ ﺃﺜﻨﺎﺀ ﺍﻹﻨﺘﺎﺝ
( 3Eﻭ 3P)ﻭﺍﻟﻤﺴﺘﻭﻴﺎﺕ ﺍﻷﺨﺭﻯ ﻋﻠﻴﺎ  CRN( 4991)ﺒﻨﺎﺀﺍﹰ (  2E)ﻭﻟﻠﻁﺎﻗﺔ ( 2P)ﻟﻠﺒﺭﻭﺘﻴﻥ 
=  2P، %61=  1P)ﻤﻌﺎﻤﻼﺕ ﻓﻲ ﻜل ﻤﺭﺤﻠﺔ ﻨﻤﻭ  9ﻟﻘﺩ ﺍﺴﺘﺨﺩﻤﺕ (. 1Eﻭ 1P)ﻭﺩﻨﻴﺎ 
ﻜﻴﻠﻭ  0503=  3E، 0582=  2E، 0562=  1E)ﻭ( ﻤﻥ ﺍﻟﺒﺭﻭﺘﻴﻥ ﺍﻟﺨﺎﻡ% 02=  3P، %81
ﻤﻥ % 81=  3P، %61=  2P، %41=  1P)ﺒﺎﺩﺉ؛ ( ﻜﺠﻡ ﻤﻥ ﺍﻟﻐﺫﺍﺀ/ﻜﺎﻟﻭﺭﻱ ﻁﺎﻗﺔ ﻤﻤﺜﻠﺔ
ﻜﻴﻠﻭ ﻜﺎﻟﻭﺭﻱ ﻁﺎﻗﺔ ﻤﻤﺜﻠﺔ  0503=  3E، 0582=  2E، 0562=  1E)ﻭ( ﺍﻟﺒﺭﻭﺘﻴﻥ ﺍﻟﺨﺎﻡ
=  1E)ﻭ( ﺒﺭﻭﺘﻴﻥ ﺨﺎﻡ% 71=  3P، %51=  2P، %31=  1P)ﻨﺎﻤﻲ؛ ﻭ( ﻜﺠﻡ ﻤﻥ ﺍﻟﻐﺫﺍﺀ/
ﺘﻡ . ﻤﻁﻭﺭ( ﻜﺠﻡ ﻤﻥ ﺍﻟﻐﺫﺍﺀ/ﻜﻴﻠﻭ ﻜﺎﻟﻭﺭﻱ ﻁﺎﻗﺔ ﻤﻤﺜﻠﺔ 0013=  3E، 0092=  2E، 0072
ﺍﻟﻤﻌﺎﻤﻼﺕ ﻓﻲ ﺍﻟﺘﺠﺭﺒﺔ ﺍﻟﻌﺎﻤﻠﻴﺔ . ﻁﻴﻭﺭ 01ﻤﺭﺍﺕ ﻭﻜل ﻤﻜﺭﺭ ﻴﺤﻭﻱ  ﺔﺜﻼﺜﺘﻜﺭﺍﺭ ﻜل ﻤﻌﺎﻤﻠﺔ 
ﺭ، ﻤﻥ ﺍﻟﻌﻤ 91ﺘﻡ ﺍﺒﻘﺎﺀ ﺘﺼﻤﻴﻤﻬﺎ ﻜﻤﺎ ﻫﻭ ﻟﻜل ﻤﺠﻤﻭﻋﺔ ﻓﻲ ﺃﻱ ﻤﺭﺤﻠﺔ ﻨﻤﻭ ﻤﺎﻋﺩﺍ ﺍﻻﺴﺒﻭﻉ ﺍﻟـ
ﻤﻜﻭﻨﺎﺕ ﺍﻟﻐﺫﺍﺀ ﺍﻟﺘﻲ . ﺍﺴﺒﻭﻉ 66ﻜل ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﺘﻤﺕ ﺘﻐﺫﻴﺘﻬﺎ ﻋﻠﻰ ﻋﻠﻴﻘﺔ ﺒﻴﺎﺽ ﺤﺘﻰ ﻋﻤﺭ 
ﺘﻡ ﻗﻴﺎﺱ . ، ﺃﻤﺒﺎﺯ ﺍﻟﻔﻭل ﺍﻟﺴﻭﺩﺍﻨﻲ، ﺃﻤﺒﺎﺯ ﺍﻟﺴﻤﺴﻡ، ﻭﻨﺨﺎﻟﺔ ﺍﻟﻘﻤﺢ(ﻓﺘﺭﻴﺘﻪ)ﺍﺴﺘﺨﺩﻤﺕ ﻫﻲ ﺍﻟﺫﺭﺓ  
ﺍﺴﺘﻬﻼﻙ ﺍﻟﻐﺫﺍﺀ، ﻤﻌﺩل ﺍﻟﺘﺤﻭﻴل ﺍﻟﻐﺫﺍﺌﻲ ﻭﺍﻟﺩﻫﻭﻥ ﺍﻟﻜﻠﻴﺔ  ﻭﺯﻥ ﺍﻟﺠﺴﻡ، ﻭﺯﻥ ﺍﻟﺠﺴﻡ ﺍﻟﻤﻜﺘﺴﺏ،
ﺘﻡ ﺘﺴﺠﻴل ﻋﻤﺭ ﺍﻟﻁﻴﻭﺭ ﻋﻨﺩ ﻭﻀﻊ ﺃﻭل ﺒﻴﻀﺔ . ﻓﻲ ﻜل ﻨﻬﺎﻴﺔ ﻤﺭﺤﻠﺔ ﻤﻥ ﻤﺭﺍﺤل ﺍﻟﻨﻤﻭﻓﻲ ﺍﻟﺩﻡ 
  xx
ﺘﻡ ﺘﺴﺠﻴل ﺃﻭﺯﺍﻥ ﺍﻟﺫﺒﻴﺢ ﻭﺃﺠﺯﺍﺀ ﺍﻟﺠﺴﻡ  52ﻋﻨﺩ ﺍﻻﺴﺒﻭﻉ ﺍﻟـ. ﻤﻥ ﺇﻨﺘﺎﺝ ﺍﻟﺒﻴﺽ% 05ﻭﻋﻨﺩ 
  . ﺍﻟﻤﺨﺘﻠﻔﺔ
ﺃﺜﻨﺎﺀ  )50.0 ≤ P(ﻭﺠﺩ ﺃﻥ ﺍﻟﻤﺴﺘﻭﻴﺎﺕ ﺍﻟﻌﺎﻟﻴﺔ ﻤﻥ ﺍﻟﺒﺭﻭﺘﻴﻥ ﻗﺩ ﺯﺩﺍﺕ ﻤﻥ ﻭﺯﻥ ﺍﻟﺠﺴﻡ ﺍﻟﻤﻜﺘﺴﺏ 
ﺍﻟﻔﺭﺍﺭﻴﺞ ﺍﻟﺘﻲ ﻏﹸﺫﻴﺕ ﻋﻠﻰ ﺍﻟﻤﻌﺎﻤﻠﺔ ﺫﺍﺕ ﺍﻟﻤﺴﺘﻭﻯ . )50.0 ≤ P(ﻓﺘﺭﺓ ﺍﻟﻨﺎﻤﻲ ﻓﺘﺭﺓ ﺍﻟﺒﺎﺩﺉ ﻭ
 ≤ P(ﻓﻲ ﻜل ﻤﺭﺍﺤل ﺍﻟﻨﻤﻭ ﻜﺎﻨﺕ ﻫﻲ ﺍﻷﻜﺒﺭ ﻭﺯﻨﺎﹰ ( 3Pﻭ 2P)ﺍﻟﺤﺎﻜﻡ ﻭﺫﺍﺕ ﺍﻟﻤﺴﺘﻭﻯ ﺍﻷﻋﻠﻰ 
ﺍﻟﻤﻌﺎﻤﻼﺕ ﺫﺍﺕ ﻤﺴﺘﻭﻯ . ﻋﻥ ﺘﻠﻙ ﺍﻟﺘﻲ ﺘﻤﺕ ﺘﻐﺫﻴﺘﻬﺎ ﺒﺎﻟﻤﺴﺘﻭﻯ ﺍﻷﺩﻨﻰ ﻤﻥ ﺍﻟﺒﺭﻭﺘﻴﻥ )10.0
ﺎﺀ ﻓﺘﺭﺓ ﺍﻟﺒﺎﺩﺉ ﻗﺩ ﺤﺴﻨﺕ ﻤﺴﺘﻭﻯ ﺍﻟﺘﺤﻭﻴل ﺍﻟﻐﺫﺍﺌﻲ ﻤﻘﺎﺭﻨﺔ ﺒﺘﻠﻙ ﺃﺜﻨ( 3Pﻭ 2P)ﺍﻟﺒﺭﻭﺘﻴﻥ ﺍﻟﻌﺎﻟﻲ 
ﻟﻘﺩ ﺘﺄﺜﺭ ﻨﻤﻭ ﻗﻨﺎﺓ ﺍﻟﺒﻴﺽ . )50.0 ≤ P(ﺍﻟﺘﻲ ﺘﻐﺫﺕ ﻋﻠﻰ ﺍﻟﻤﺴﺘﻭﻯ ﺍﻷﺩﻨﻰ ﻤﻥ ﺍﻟﺒﺭﻭﺘﻴﻥ 
ﻗﻨﺎﺓ ﺍﻟﺒﻴﺽ ﺫﺍﺕ ﺍﻷﻭﺯﺍﻥ ﺍﻟﻜﺒﻴﺭﺓ . )10.0 ≤ P(ﺒﻤﺴﺘﻭﻴﺎﺕ ﺍﻟﺒﺭﻭﺘﻴﻥ ﻭﺍﻟﻁﺎﻗﺔ ﺍﻟﻤﻭﺠﻭﺩﺓ ﺒﺎﻟﻐﺫﺍﺀ 
ﺃﻋﻤﺎﺭ ﺍﻟﻁﻴﻭﺭ (. 3Pﻭ 2P) اﻷﻋﻠﻰ ﻣﻦ اﻟﺒﺮوﺗﻴﻦ ﻣﻊ اﻟﻤﺴﺘﻮﻳﺎت )10.0 ≤ P(ﺘﻤﺕ ﻤﻼﺤﻅﺘﻬﺎ 
ﺇﻨﺘﺎﺝ ﻗﺩ ﻗﻠﺕ ﻋﻨﺩ ﺍﺴﺘﺨﺩﺍﻡ ﺍﻟﻌﻼﺌﻕ ﺍﻟﺘﻲ ﺘﺤﺘﻭﻱ ﻋﻠﻰ % 05ﻋﻨﺩ ﻭﻀﻊ ﺃﻭل ﺒﻴﻀﺔ ﻭﻋﻨﺩ 
  .ﺒﺭﻭﺘﻴﻥ ﻋﺎﻟﻲ
ﺍﻟﻁﺎﻗﺔ ﻓﻲ ﺍﻟﻐﺫﺍﺀ ﻟﻴﺱ ﻟﻬﺎ ﺘﺄﺜﻴﺭ ﻤﻌﻨﻭﻱ ﻋﻠﻰ ﻭﺯﻥ ﺍﻟﺠﺴﻡ، ﻭﺯﻥ ﺍﻟﺠﺴﻡ ﺍﻟﻤﻜﺘﺴﺏ  ﻤﺴﺘﻭﻴﺎﺕ
 1E ﻤﺴﺘﻭﻯ ﺍﻟﻁﺎﻗﺔ. ﻤﺭﺤﻠﺔ ﺍﻟﺒﺎﺩﺉ ﻭﻤﻌﺩل ﺍﻟﺘﺤﻭﻴل ﺍﻟﻐﺫﺍﺌﻲ ﻓﻲ ﻜل ﻤﺭﺍﺤل ﺍﻟﻨﻤﻭ ﻤﺎﻋﺩﺍ ﻓﻲ
 ≤ P(  2E ﻓﻲ ﺍﻟﻐﺫﺍﺀ ﻗﺩ ﺯﺍﺩ ﻤﻥ ﻭﺯﻥ ﻗﻨﺎﺓ ﺍﻟﺒﻴﺽ ﻋﻥ ﺘﻠﻙ ﺍﻟﺘﻲ ﺘﻐﺫﺕ ﺒﻤﺴﺘﻭﻯ ﻁﺎﻗﺔ 3Eﻭ
  .)10.0
ﺩﺭﺍﺴﺔ ﺘﺄﺜﻴﺭ ﺍﻟﻤﺴﺘﻭﻴﺎﺕ ﺍﻟﻤﺨﺘﻠﻔﺔ ﻤﻥ ﺍﻟﺒﺭﻭﺘﻴﻥ ﻭﺍﻟﻁﺎﻗﺔ ﻓﻲ ﺍﻟﻐﺫﺍﺀ ﺃﺜﻨﺎﺀ ﻤﺭﺍﺤل ﺍﻟﻨﻤﻭ  ﺘﻤﺕ
 – 22) ﻭﻟﻰ ﻤﻥ ﺍﻨﺘﺎﺝ ﺍﻟﺒﻴﺽﻲ ﺍﻟﻤﺭﺤﻠﺔ ﺍﻷﻓ. ﻟﻠﻔﺭﺍﺭﻴﺞ ﻋﻠﻰ ﺃﺩﺍﺀ ﺍﻟﺩﺠﺎﺝ ﺃﺜﻨﺎﺀ ﺇﻨﺘﺎﺝ ﺍﻟﺒﻴﺽ
ﺒﻤﺴﺘﻭﻴﺎﺕ ﺍﻟﺒﺭﻭﺘﻴﻥ ﻓﻲ  )10.0 ≤ P(، ﺍﻨﺘﺎﺝ ﺍﻟﺒﻴﺽ ﺍﻟﻴﻭﻤﻲ ﻗﺩ ﺘﺄﺜﺭ (ﺍﺴﺒﻭﻉ ﻤﻥ ﺍﻟﻌﻤﺭ 63
ﻗﺩ ﺃﻋﻁﺕ ﺃﻓﻀل ﺇﻨﺘﺎﺝ ( 3E2P)ﺍﻟﻤﻌﺎﻤﻠﺔ ﺍﻟﺘﻐﺫﻭﻴﺔ . ﺍﻟﻐﺫﺍﺀ ﺃﺜﻨﺎﺀ ﻤﺭﺍﺤل ﺍﻟﻨﻤﻭ ﻓﻲ ﺍﻟﻔﺭﺍﺭﻴﺞ
ﺭﻭﺘﻴﻥ ﺍﻟﻤﻐﺫﺍﻩ ﺒﻤﺴﺘﻭﻴﺎﺕ ﺍﻟﺒ )10.0 ≤ P(ﻤﻌﻨﻭﻴﺎﹰ  ﺍﺘﺄﺜﻴﺭﺍﻟﺒﻴﺽ ﻗﺩ ﺘﺄﺜﺭﺕ  ﻜﺘﻠﺔ. ﻴﻭﻤﻲ ﻟﻠﺒﻴﺽ
  ixx
( 3Pﻭ 2P)ﺍﻟﻌﻼﺌﻕ ﺍﻟﺘﻲ ﺘﺤﺘﻭﻱ ﻋﻠﻰ ﺍﻟﻤﺴﺘﻭﻴﺎﺕ ﺍﻷﻋﻠﻰ ﻟﻠﺒﺭﻭﺘﻴﻥ . ﻟﻠﻔﺭﺍﺭﻴﺞ ﺃﺜﻨﺎﺀ ﻤﺭﺤﻠﺔ ﻟﻠﻨﻤﻭ
ﺍﻟﺘﻲ ﻏﹸﺫﻴﺕ ﺒﻬﺎ ﺍﻟﻔﺭﺍﺭﻴﺞ ﺃﺜﻨﺎﺀ ﺍﻟﻨﻤﻭ ﻗﺩ ﺃﻋﻁﺕ ﻜﺘﻠﺔ ﺒﻴﺽ ﺃﻋﻠﻰ ﻋﻥ ﺘﻠﻙ ﺍﻟﺘﻲ ﻏﹸﺫﻴﺕ ﻋﻠﻰ 
ﺜﻨﺎﺀ ﺍﻟﻨﻤﻭ ﻟﻠﻔﺭﺍﺭﻴﺞ ﺃ ﺍﻟﺯﻴﺎﺩﺓ ﻓﻲ ﻤﺴﺘﻭﻯ ﺍﻟﺒﺭﻭﺘﻴﻥ ﻓﻲ ﺍﻟﻐﺫﺍﺀ(. 1P)ﺍﻟﻤﺴﺘﻭﻯ ﺍﻷﺩﻨﻰ ﻟﻠﺒﺭﻭﺘﻴﻥ 
  .  )10.0 ≤ P(ﻗﺩ ﺤﺴﻥ ﻤﻥ ﻤﻌﺩل ﺍﻟﺘﺤﻭﻴل ﺍﻟﻐﺫﺍﺌﻲ 
ﻜل ﻤﻥ ﻭﺯﻥ ﺍﻟﺒﻴﻀﺔ، ﻜﺘﻠﺔ ﺍﻟﺒﻴﻀﺔ، ﻁﻭل ﺍﻟﺒﻴﻀﺔ، ﻋﺭﺽ ﺍﻟﺒﻴﻀﺔ ﻭﻤﻌﺩل ﺍﻟﺘﺤﻭﻴل ﺍﻟﻐﺫﺍﺌﻲ ﻟﻡ 
ﺍﻟﺼﻔﺎﺕ ﺍﻟﺩﺍﺨﻠﻴﺔ . ﻴﺘﺄﺜﺭ ﻤﻌﻨﻭﻴﺎﹰ ﺒﻤﺴﺘﻭﻴﺎﺕ ﺍﻟﻁﺎﻗﺔ ﺍﻟﺘﻲ ﻏﹸﺫﻴﺕ ﺒﻬﺎ ﺍﻟﻔﺭﺍﺭﻴﺞ ﺃﺜﻨﺎﺀ ﻤﺭﺤﻠﺔ ﻨﻤﻭﻫﺎ
. ﺍﻟﺒﺭﻭﺘﻴﻥ ﻭﻻ ﺒﻤﺴﺘﻭﻴﺎﺕ ﺍﻟﻁﺎﻗﺔ ﺃﺜﻨﺎﺀ ﻤﺭﺤﻠﺔ ﻨﻤﻭ ﺍﻟﻔﺭﺍﺭﻴﺞﻟﻠﺒﻴﺽ ﻟﻡ ﺘﺘﺄﺜﺭ ﻤﻌﻨﻭﻴﺎﹰ ﺒﻤﺴﺘﻭﻴﺎﺕ 
ﻟﻠﻁﻴﻭﺭ ﺍﻟﺘﻲ ﺘﻐﺫﹼﺕ  )50.0 ≤ P(ﺍﻻﺴﺘﺜﻨﺎﺀ ﺍﻟﻭﺤﻴﺩ ﻫﻭ ﻭﺯﻥ ﺍﻟﺼﻔﺎﺭ ﺍﻟﺫﻱ ﺴﺠل ﻭﺯﻨًﺄ ﺃﻋﻠﻰ 
  .ﻋﻥ ﺘﻠﻙ ﺍﻟﻤﻐﺫﺍﺓ ﻋﻠﻰ ﺍﻟﻤﺴﺘﻭﻴﺎﺕ ﺍﻷﺨﺭﻯ ﻟﻠﺒﺭﻭﺘﻴﻥ( 2P)ﻋﻠﻰ ﺍﻟﻤﺴﺘﻭﻯ ﺍﻟﺤﺎﻜﻡ ﻟﻠﺒﺭﻭﺘﻴﻥ 
، ﻭﺠﺩ ﺃﻥ ﻁﻭل ﺍﻟﺒﻴﻀﺔ ﻭﻋﺭﻀﻬﺎ، ﻤﻌﺎﻤل (ﺴﺒﻭﻉﺃ 46 – 04)ﻓﻲ ﺍﻟﻤﺭﺤﻠﺔ ﺍﻟﺜﺎﻨﻴﺔ ﻹﻨﺘﺎﺝ ﺍﻟﺒﻴﺽ 
ﺍﻟﺸﻜل، ﻭﺯﻥ ﺍﻟﺒﻴﻀﺔ، ﻜﺘﻠﺔ ﺍﻟﺒﻴﻀﺔ، ﺍﺴﺘﻬﻼﻙ ﺍﻟﻐﺫﺍﺀ ﻭﻤﻌﺩل ﺍﻟﺘﺤﻭﻴل ﺍﻟﻐﺫﺍﺌﻲ ﻟﻡ ﻴﺘﺄﺜﺭ ﻤﻌﻨﻭﻴﺎﹰ 
ﻟﻘﺩ ﻭﺠﺩ ﺃﺜﺭ ﺘﻔﺎﻋﻠﻲ . ﺒﻤﺴﺘﻭﻴﺎﺕ ﺍﻟﺒﺭﻭﺘﻴﻥ ﻭﺍﻟﻁﺎﻗﺔ ﺍﻟﻤﺨﺘﻠﻔﺔ ﺍﻟﺘﻲ ﺘﻐﺫﺕ ﺒﻬﺎ ﺍﻟﻔﺭﺍﺭﻴﺞ ﺃﺜﻨﺎﺀ ﻨﻤﻭﻫﺎ
 ﻜﺘﻠﺔ ﺍﻟﺒﻴﻀﺔ )50.0 ≤ P(ﺍﻟﻨﻤﻭ ﻋﻠﻰ ﻜﺘﻠﺔ ﺍﻟﺒﻴﻀﺔ ﺒﻴﻥ ﻤﺴﺘﻭﻴﺎﺕ ﺍﻟﺒﺭﻭﺘﻴﻥ ﻭﺍﻟﻁﺎﻗﺔ ﺃﺜﻨﺎﺀ ﻓﺘﺭﺓ 
ﺍﺭﺘﻔﺎﻉ ﺍﻷﻟﺒﻴﻭﻤﻴﻥ، ﻭﺤﺩﺓ (. 3E2P)ﺍﻷﻋﻠﻰ ﻗﺩ ﺘﻡ ﻤﻼﺤﻅﺘﻬﺎ ﻤﻊ ﺍﻟﻁﻴﻭﺭ ﺫﺍﺕ ﺍﻟﻤﻌﺎﻤﻠﺔ ﺍﻟﺘﻐﺫﻭﻴﺔ 
ﺒﻤﺴﺘﻭﻴﺎﺕ ﺍﻟﺒﺭﻭﺘﻴﻥ ﺃﺜﻨﺎﺀ ﻤﺭﺤﻠﺔ ﺍﻟﻨﻤﻭ  )50.0 ≤ P(ﻫﺎﻑ ﻭﻭﺯﻥ ﺍﻟﺼﻔﺎﺭ ﻗﺩ ﺘﺄﺜﺭ ﻤﻌﻨﻭﻴﺎﹰ 
 2P) ﺤﻅﺘﻪ ﻤﻊ ﻤﺴﺘﻭﻴﺎﺕ ﺍﻟﺒﺭﻭﺘﻴﻥ ﺍﻟﻌﻠﻴﺎﺍﻻﺭﺘﻔﺎﻉ ﺍﻷﻋﻠﻰ ﻟﻸﻟﺒﻴﻭﻤﻴﻥ ﻗﺩ ﺘﻤﺕ ﻤﻼ. ﻟﻠﻔﺭﺍﺭﻴﺞ
. ﺍﻟﺼﻔﺎﺕ ﺍﻟﺩﺍﺨﻠﻴﺔ ﻟﻠﺒﻴﻀﺔ ﻟﻡ ﺘﺘﺄﺜﺭ ﻤﻌﻨﻭﻴﺎﹰ ﺒﻤﺴﺘﻭﻴﺎﺕ ﺍﻟﻁﺎﻗﺔ ﺃﺜﻨﺎﺀ ﻤﺭﺤﻠﺔ ﺍﻟﻨﻤﻭ ﻟﻠﻔﺭﺍﺭﻴﺞ(. 3Pﻭ
ﺍﻻﺴﺘﺜﻨﺎﺀ ﺍﻟﻭﺤﻴﺩ ﻜﺎﻥ ﻤﻥ ﻨﺼﻴﺏ ﻭﺤﺩﺓ ﻫﺎﻑ ﺍﻟﺘﻲ ﺴﺠﻠﺕ ﺃﻓﻀل ﻗﺭﺍﺀﺓ ﻤﻊ ﻤﺴﺘﻭﻯ ﺍﻟﻁﺎﻗﺔ 
ﺃﻋﻠﻰ ﺇﻨﺘﺎﺝ ﺒﻴﺽ ﻴﻭﻤﻲ . ﻭﺍﻟﻁﺎﻗﺔﺍﻹﻨﺘﺎﺝ ﺍﻟﻴﻭﻤﻲ ﻟﻠﺒﻴﺽ ﻟﻡ ﻴﺘﺄﺜﺭ ﺒﻤﺴﺘﻭﻴﺎﺕ ﺍﻟﺒﺭﻭﺘﻴﻥ (. 2E)
  .ﻟﻠﻤﺭﺤﻠﺔ ﺍﻟﺜﺎﻨﻴﺔ ﻤﻥ ﺇﻨﺘﺎﺝ ﺍﻟﺒﻴﺽ( 3E2P)ﺘﻤﺕ ﻤﻼﺤﻅﺘﻪ ﻤﻊ ﺍﻟﻤﻌﺎﻤﻠﺔ ﺍﻟﺘﻐﺫﻭﻴﺔ 
  iixx
ﻋﻠﻰ ﺍﻟﺭﻏﻡ ﻤﻥ ﺍﻥ ﻤﺴﺘﻭﻴﺎﺕ ﺍﻟﻁﺎﻗﺔ ﻭﺍﻟﺒﺭﻭﺘﻴﻥ ﺍﻟﻤﺴﺘﺨﺩﻤﺔ ﺃﺜﻨﺎﺀ ﻤﺭﺤﻠﺔ ﻨﻤﻭ ﺍﻟﻔﺭﺍﺭﻴﺞ ﻟﻡ ﺘﺅﺜﺭ 
ﻭﻟﻜﻨﻬﺎ ( ﻤﺭﺍﺴﺒﻭﻉ ﻤﻥ ﺍﻟﻌ 46ﺇﻟﻰ  22)ﻋﻠﻰ ﻭﺯﻥ ﺍﻟﺩﺠﺎﺝ ﻓﻲ ﻜل ﻓﺘﺭﺓ ﺇﻨﺘﺎﺝ ﺍﻟﺒﻴﺽ ﺍﻟﺘﺠﺭﻴﺒﻴﺔ 
ﻋﻠﻰ ﺍﻹﻨﺘﺎﺝ ﺍﻟﻴﻭﻤﻲ ﻟﻠﺒﻴﺽ ﺃﻓﻀل ﺇﻨﺘﺎﺝ ﻴﻭﻤﻲ ﻟﻠﺒﻴﺽ ﻓﻲ ﻜل  )10.0 ≤ P(ﺃﺜﺭﺕ ﻤﻌﻨﻭﻴﺎﹰ 
  (.3E2P)ﺍﻟﺘﺠﺭﺒﺔ ﺘﻤﺕ ﻤﻼﺤﻅﺘﻪ ﻤﻊ ﺍﻟﻤﻌﺎﻤﻠﺔ ﺍﻟﺘﻐﺫﻭﻴﺔ 
ﺘﻡ ﺇﺠﺭﺍﺀ ﺍﻟﺘﺤﻠﻴل ﺍﻟﺘﻘﺭﻴﺒﻲ ﻭﺘﺤﺩﻴﺩ ﻤﺴﺘﻭﻴﺎﺕ ﺍﻟﻤﻌﺎﺩﻥ ﻭﺍﻻﺤﻤﺎﺽ ﺍﻷﻤﻴﻨﻴﺔ ﻟﻠﻤﻜﻭﻨﺎﺕ ﺍﻟﻌﻠﻔﻴﺔ 
ﺍﻟﻌﻠﻔﻴﺔ ﻗﺩ ﺘﻡ ﺘﺴﺠﻴﻠﻬﺎ ﻋﻠﻰ ﺸﻜل ﻗﻴﻡ ﺜﺎﺒﺘﺔ ﺒﺠﺩﺍﻭل  ﻭﺫﻟﻙ ﻷﻥ ﻗﻴﻡ ﺍﻟﻤﻐﺫﻴﺎﺕ ﻟﺘﻠﻙ ﺍﻟﻤﻜﻭﻨﺎﺕ
ﻗﻴﺎﺴﻴﺔ ﻤﺤﻠﻴﺔ ﻭﻗﺩ ﺘﻤﺕ ﺩﺭﺍﺴﺘﻬﺎ ﻟﻤﻌﺭﻓﺔ ﻤﺩﻯ ﺃﻫﻤﻴﺔ ﺍﻟﺘﺤﻠﻴل ﻟﻬﺫﻩ ﺍﻟﻤﻜﻭﻨﺎﺕ ﺍﻟﻌﻠﻔﻴﺔ ﻗﺒل ﺘﺭﻜﻴﺏ 
  .ﺍﻟﻌﻼﺌﻕ
  .ﻟﻭﺤﻅﺕ ﺍﺨﺘﻼﻓﺎﺕ ﻤﻘﺩﺭﺓ ﺒﻴﻥ ﻗﻴﻡ ﺍﻟﻌﻴﻨﺎﺕ ﺍﻟﻤﺨﺘﺒﺭﺓ ﻭﺍﻟﻘﻴﻡ ﺍﻟﻤﺩﻭﻨﺔ ﺒﺎﻟﺠﺩﺍﻭل ﺍﻟﻘﻴﺎﺴﻴﺔ
ﺃﺜﻨﺎﺀ ﺍﻟﻤﺭﺍﺤل ﺍﻟﻤﺒﻜﺭﺓ  ﻟﺘﻲ ﻏﹸﺫﻴﺕ ﻋﻠﻰ ﻤﺴﺘﻭﻴﺎﺕ ﺒﺭﻭﺘﻴﻥ ﻋﻠﻴﺎﺒﻨﺎﺀﺍﹰ ﻋﻠﻰ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ، ﺍﻟﻁﻴﻭﺭ ﺍ
ﻟﻠﻨﻤﻭ ﺃﻋﻁﺕ ﺃﻓﻀل ﻭﺯﻥ ﺠﺴﻡ، ﻭﺯﻥ ﺠﺴﻡ ﻤﻜﺘﺴﺏ ﻭﻤﻌﺩل ﺘﺤﻭﻴل ﻏﺫﺍﺌﻲ ﻭﺃﻓﻀل ﻨﻤﻭ 
ﺃﻋﻁﺕ ﺃﻓﻀل ﺇﻨﺘﺎﺝ ﺒﻴﺽ ﻴﻭﻤﻲ ﻟﻤﺭﺤﻠﺘﻲ ﺇﻨﺘﺎﺝ ( 3E2P)ﺍﻟﻤﻌﺎﻤﻠﺔ ﺍﻟﺘﻐﺫﻭﻴﺔ . ﻟﻸﻋﻀﺎﺀ ﺍﻟﺘﻨﺎﺴﻠﻴﺔ
  . ﺍﻟﺒﻴﺽ ﻭﻜﺫﻟﻙ ﻟﻜل ﻤﺭﺤﻠﺔ ﺍﻹﻨﺘﺎﺝ ﺍﻟﺘﺠﺭﻴﺒﻴﺔ
ﺍﻟﺫﻱ ﻟﻭﺤﻅ ﺒﻴﻥ ﻗﻴﻡ ﺍﻟﻤﻐﺫﻴﺎﺕ ﻟﻠﻌﻴﻨﺎﺕ ﻭﺍﻟﻘﻴﻡ ﺍﻟﻤﺩﻭﻨﺔ ﺒﺎﻟﺠﺩﺍﻭل ﺍﻟﻘﻴﺎﺴﻴﺔ ﺍﻟﻤﺤﻠﻴﺔ ﺘﺠﻌل ﺍﻟﺘﺒﺎﻴﻥ 
ﻤﻥ ﺍﻷﻫﻤﻴﺔ ﺇﺠﺭﺍﺀ ﺘﺤﻠﻴل ﺘﺄﻜﻴﺩﻱ ﻟﻤﻜﻭﻨﺎﺕ ﺍﻷﻋﻼﻑ ﺍﻟﻤﺴﺘﺨﺩﻤﺔ ﻟﺘﺭﻜﻴﺏ ﻋﻼﺌﻕ ﺍﻟﺩﻭﺍﺠﻥ ﺨﺎﺼﺔ 
   .ﻓﻲ ﻤﺠﺎل ﺍﻟﺒﺤﺙ ﺍﻟﻌﻠﻤﻲ
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CHAPTER ONE 
INTRODUCTION 
 
Advances in genetic selection make today’s pullets quite 
different from those of only a few years ago. Ages at housing and at 
5% production are a bit earlier. Total egg numbers are increasing, egg 
mass is greater, and feed conversion has improved. Pullet body weight 
is less, in order to improve feed efficiency, but a consequence of this 
is reduced feed intake. Ensuring that birds consume sufficient 
nutrients daily made even more difficult when ingredient quality is 
poor and birds subjected to heat stress or disease situations. It is well 
accepted that the modern genetic strains are more sensitive to poor 
nutrition and management and that this sensitivity increased by the 
stress of modern pullet and layer housing conditions (Elliot, 2002). 
The pullet manager must be skilful in managing diets and the 
environment, such that pullets consume an adequate level of nutrients 
up to maturity. When producers purchase their pullets from 
commercial pullet grower they are putting their fate in the hands of 
someone else. There are many nutritional goals, which need to be 
achieved when feeding the egg-type pullet. Organ development must 
be attained by 5 to 6 weeks of age, the bird must reach sexual maturity 
at the correct weight and body composition, and the birds must be in  
a positive energy balance at peak production. The pullet that is on 
target weight and has sufficient body fat to keep high levels of 
production during peak production, but not so fat as to decrease 
calcium absorption and oviposition is the ideal pullet. There is a direct 
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relationship between pullet's development during the growing period 
and subsequent performance during the laying cycle. Body weight of 
pullets at the age of housing has a positive correlation with egg weight 
during the egg production cycle (Summers and Leeson, 1983; 
Keshavarz, 1995). Leeson and Caston (1991) reported that it is 
essential to have the Leghorn pullet reach the target weight, body 
composition and possibly age at the onset of laying. Increasing the 
protein and energy in the diet from 16 to 20 week of age did not 
improve the body weight of pullets at 20 week of age and egg size 
during the early stages of egg production cycle (Summers and Leeson, 
1993). According to NRC (1994), low protein or low-lysine starter 
diet invariably depress the growth rate of both white egg and brown-
egg laying pullets, and early growth depression often depresses mature 
body weight and thereby adversely influences adult performance. 
Numerous studies have indicated that reduced body weight at 20 week 
of age and delay of sexual maturity are the main consequences of 
feeding low protein diets during the rearing period. However, reports 
concerning the influence of low protein diets on subsequent laying 
performance are conflicting. Some reports indicating that pullets fed 
conventional protein than that of lower levels had an increase in 
weight and produced more eggs (Quarles et al., 1981; Waldroup and 
Hrams, 1962). However, other reports indicated no effect of low 
protein on laying performance (Bullock et al., 1963).  
Pullet growth is strongly most sensitive to dietary protein and 
amino acids, whereas energy intake becomes more critical as the bird 
approaches maturity (Leeson and Summers, 1989). The body weight 
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of White Leghorn pullet at 18 wk of age was increased by using high 
energy (3036 vs 2816 kcal ME/kg) from 8 to 18 wk of age 
(Keshavarz, 1998). Summers and Leeson (1993) reported that 
providing high energy diet from 16 to 20 wk of age neither improved 
the body weight of pullets at 20 wk of age nor the egg size during the 
early stages of egg production. 
The hot weather of Sudan can have a severe impact on poultry 
performance specially during summer season (temperature ranged 
between 26 and 45oC), which affects pullets growth negatively due to 
low feed intake (El-Zubeir and Mohammed, 1993). 
Although, relatively few strains of Leghorn bird are used in 
Sudan for egg production, data on appropriate protein and energy 
requirements for pullets under conditions of open housing system are 
limited and need to be investigated. 
Some factors affect the chemical composition of the main 
poultry feed ingredients (sorghum, groundnut, sesame, and wheat 
bran). Reasons for that variability in the chemical composition can be 
intrinsic (variety) and extrinsic factors (growing conditions, storage, 
growing season, geographical locations …etc.), both of which affect 
nutrient availability. However, these factors are not always considered 
when formulating the rations for poultry. 
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Objectives 
The objectives of this study were as follows: 
• To investigate the optimum levels of protein and energy in 
pullet growth rations and their effects on laying performance in 
Sudan. 
• To avoid both underweight and over fat pullet that may result in 
very low egg production and poor egg quality. 
• To increase the awareness of the importance of the growing and 
developing stages of pullets in the commercial poultry 
production in Sudan and its effects, which are carried through 
the egg production stages. 
• To investigate the nutritional content of local feedstuffs to fulfil 
the requirements of the growing pullets and laying hens. 
• To show the importance of the analysis of feed ingredients 
before diet formulation for poultry.  
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CHAPTER TWO 
GENERAL LITERATURE REVIEW 
 
2.1 Pullet growing period 
Chickens vary greatly according to the purpose for which they 
have been developed. Chickens developed for the production of eggs 
for human consumption (Leghorn-type) have a small body size and 
are productive layers. Now, pullets from commercial layer strains 
reach the age of onset of egg laying much earlier than their 
counterparts of a decade ago (Summers and Leeson, 1993). The 
rearing period is divided into two parts. The starter period corresponds 
to the first 6 to 8 weeks of life. It is followed by the growing period 
which extends up until the point of lay, which is usually between the 
20th and 23rd week of life (Larbier and Leclercq, 1994). The Leghorn 
chicken growing period was divided into four phases, 0 to 6, 6 to 12, 
12 to 18, and 18 to first egg depending upon their nutrient 
requirements and target weights (NRC, 1994), generally designated as 
starter, grower, developer, and prelaying periods, respectively. 
2.2 Pullets nutrient requirements 
The starter diet is always offered ad-libitum. It contains 
between 2800 and 2900 kcal of metabolizable energy/kg and 18% 
crude protein. Levels of lysine and sulpher amino acids are, 0.85 and 
0.70%, respectively, with methionine levels being between 0.33 to 
0.35% (Larbier and Leclercq, 1994). They revealed that a diet 
containing lower protein levels (even 15%) do not seem to affect 
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subsequent laying performance, if there are specific supplementations 
of lysine and sulpher amino acids. The literature related to Leghorn 
pullets growing period protein and energy requirements have been 
reviewed by the NRC (1994). They recommended 18% crude protein 
and 2850 kcal of metabolizable energy/kg for 0 to 6 week of age, 16% 
crude protein and 2850 kcal of metabolizable energy/kg for 6 to 12 
week of age, 15% crude protein and 2900 kcal of metabolizable 
energy/kg for 12 to 18 week of age, and 17% crude protein and 2900 
kcal of metabolizable energy/kg for 18 week up to the age at first egg. 
It is very important to have the Leghorn pullet reach the target weight, 
body composition and possibly age, at the onset of laying (Leeson and 
Caston, 1991). Sakomura et al. (2003) investigated the utilization of 
metabolizable energy in broiler breeder pullets to suggest models for 
metabolizable energy requirements. They tested the influence of the 
temperature on maintenance metabolizable energy requirements in 
three environmental temperatures (15, 22, and 30ºC), using the 
comparative slaughter technique. The weight gain energy 
requirements were determined on the body energy content and 
efficiency of energy utilization for weight gain. They suggested two 
metabolizable energy requirement models for each age using 
coefficients of maintenance and weight gain. The models for 3 to 8 
week were: ME = W0.75 (186.52–1.94T) + 2.47WG, and ME = W0.75 
(174 – 1.88T) + 2.83WG; for 9 to 14 week, ME = W0.75 (186.52 – 
1.94T) + 2.69WG, and ME = W0.75 (174 – 1.88T) + 2.50WG; 15 to 20 
week, ME = W0.75 (186.52 – 1.94T) + 2.67WG, and ME = W0.75 (174 
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– 1.88T) + 3.24WG. In these equations, W is body weight (kg), T is 
temperature (ºC), and WG is daily weight gain in (g).        
2.3 Effect of protein on pullet’s growth and development 
Protein is a costly nutrient. Therefore, many studies have been 
conducted over the last three decades to answer the question as to how 
to reduce the protein level during the growing period without 
decreasing subsequent laying performance. It is well documented that 
mature body weight can strongly affect the subsequent reproductive 
performance (Leeson and Summers, 1987). Starter diets contain low 
protein or low lysine decreases the growth rate for white Leghorn 
pullets (Kwakkel et al., 1991). Findings of Keshavarz (1984) and 
Leeson and Summers (1989) showed that in Leghorn pullets reduction 
in growth is often seen when total protein intake to 140 days of age is 
less than 1 kg. Increasing the energy and protein in the diet from 16 to 
20 wk of age did not improve the body weight of pullets at 20 wk of 
age and egg size during the early stages of egg production cycle 
(Summers and Leeson, 1993). Leeson and Caston (1996) concluded 
that Dekalb Delta, Shaver, H and N, and Babcock pullets respond 
similarly in terms of growth and development when fed low-protein 
diets supplemented with synthetic lysine and methionine. They 
revealed that providing pullets with diets containing low protein, 
while maintaining normal levels of sulphur amino acids and lysine 
resulted in reduced growth rate, especially in the starter period. 
Keshavarz (1998) reported that body weight at 18 wk of age was 
increased by using high protein (17.5 vs 14.5%) diets from 8 to 18 wk 
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of age. Also, he added that body weight at 18 wk of age increased 
only due to the use of a high protein sequence (22, 18, and 16% vs 18, 
16, and 14% which were used during 0 to 6, 6 to 12, and 12 to 18 wk 
of age, respectively). Leeson and Summers (1984) reported that in 
young pullets, skeletal growth was increased with increasing dietary 
protein level but after the onset of restricted feeding and the 
subsequent equalization of body weight, skeletal differences were not 
observed. Leeson et al. (2000) investigated the poor growth rate 
usually seen with growing Leghorn pullets on low protein amino acid-
fortified diets. In two diets formulated with 2950 kcal ME/kg or 1360 
kcal net energy/kg with 18, 15, or 13% crude protein and using 
synthetic amino acids to meet requirements, they concluded that 
pullets on lower protein diets were consistently smaller regardless of 
energy evaluating system. In a third study 13% crude protein diets 
were formulated to 2900 kcal ME/kg and synthetic amino acids added 
to either to equate all total levels provided by 18% crude protein diet 
or to meet requirements. They reported that adding all such amino 
acids corrected the growth depression, although pullets were still 
slightly smaller than control-fed birds. Depending upon their 
experiments, it is not economical to consider supplementing synthetic 
amino acid other than methionine, Lysine, tryptophan, and threonine 
(Leeson et al., 2000). Nahashon et al. (2006) investigated the effect of 
different protein levels on growth performance of Pearl Grey guinea 
fowl pullets, using (20, 22, and 24% crude protein) and (17, 19, and 
21% crude protein) from 0 to 8 and 9 to 16 week of age, respectively. 
They reported that pullets receiving 24 and 21% CP (0 to 8 and 9 to 
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16 week of age, respectively) exhibited higher body weight gains than 
other dietary treatments. El-Zubeir and Mohammed (1993) fed 
commercial egg-type pullets from 10 to 19 week of age diets 
containing 13, 15, and 17% CP and ME of 10, 11, and 12 MJ/kg, 
followed by layer diet containing 16% CP and 11.7 MJ/kg. At summer 
temperatures in Sudan ranging between 26 and 45ºC, the diet 
containing 15% protein and 10 MJ/kg was the best for optimal growth, 
minimum number of days required to the onset of laying and age at 25 
and 50% production. 
2.4 Effect of energy on pullet’s growth and development 
Energy intake may be the limiting factor for growth for the egg-
type strains of birds under most environmental conditions. Leeson and 
Summers (1989) concluded that with the assumption of no amino 
acids deficiency, and an intake of 1 kg of protein during the first 20 
week of age, pullet growth and development seem most responsive to 
energy intake. A total consumption of 20 Mcal metabolizable energy 
seems adequate for white-egg-laying pullets. However, manipulation 
of energy intake is not usually easy, since the pullets appear to have    
a fairly precise innate ability to regulate their energy intake regardless 
of dietary energy level (Cunningham and Morrison, 1976).  
Pullet growth is strongly most sensitive to dietary protein and 
amino acids, whereas energy intake becomes more critical as the bird 
approaches maturity (Leeson and Summers, 1989). The body weight 
of White Leghorn pullet at 18 wk of age was increased by using high 
energy (3036 v 2816 kcal ME/kg) from 8 to 18 wk of age (Keshavarz, 
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1998). Summers and Leeson (1993) reported that increasing the 
energy of the diet from 16 to 20 wk of age neither improved the body 
weight of pullets at 20 wk of age nor the egg size during the early 
stages of egg production. Lilburn and Myers-Miller (1990) reported 
that energy intake was related to body weight gain in growing pullets, 
whereas protein consumption would influence body composition in 
restricted-fed pullets of similar body weights. Nahashon et al. (2006) 
tested the effect of different energy levels (2900, 3000, and 3100 kcal 
ME/kg) and (3000, 3100, and 3200 kcal ME/kg) from 0 to 8 and 9 to 
16 week of age, respectively, on growth performance of Pearl Grey 
guinea fowl pullets. They concluded that cumulative body weight 
gains were higher for birds fed 3000, 3000 and 3100, and 3100 and 
3200 kcal ME/kg of diet at 0 to 5, 6 to 8, and 9 to 16 week of age, 
respectively. 
2.5 Effect of protein during the growing period on laying 
performance  
Summers and Leeson (1993) reported that increasing the protein 
in the diet from 16 to 20 wk of age did not improve the body weight of 
pullets at 20 wk of age and egg size during the early stages of egg 
production cycle. Many reports suggest that it might be important to 
begin manipulation of nutrients in the diet at an earlier age during the 
growing period to increase the body weight at the age of housing and 
consequently the early egg size (Summers and Leeson, 1993; 
Keshavarz and Nakajima, 1995). Keshavarz (1998) reported that age 
at first egg and 50% production were advanced by 2 and 4 days, 
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respectively, for the birds fed the high protein sequence during the 
growing period. The quality of the bird at the onset of her egg 
production will greatly determine how profitable she will be during 
the laying cycle. Cave (1984) reported that protein intake during the 
prebreeder period (18 to 24 week of age) can have significant effects 
on the onset of sexual maturity. Walsh and Brake (1997) stated that 
cumulative protein consumption during the entire pullet growing 
period had long-term effects on breeder fertility, whereas energy 
intake had more an effect on body weight gain.    
  Hudson et al. (2000) reported that providing higher crude 
protein intakes at an early age may improve subsequent egg 
production for broiler breeders. It is essential to have the Leghorn 
pullet reach the target weight, body composition and possibly age at 
the onset of laying (Leeson et al., 1991; Leeson and Caston 1991; 
Summers et al., 1991). Leeson et al. (1998) revealed that regardless of 
diet energy level, pullets were smaller in weight and stature when the 
protein level was low. Throughout the laying cycle this weight 
differential was maintained, during which there was an obvious trend 
of smaller weight birds to produce smaller eggs. Keshavarz and 
Jackson (1992) showed that the growing pullet body weight could be 
maintained if amino acids were added in appropriate amounts, but 
these pullets subsequently produced less egg mass. Egg production 
and other egg characteristics were not influenced by protein levels 
during the growing period (Leeson et al., 1998). The body weight is of 
an important consideration and a reliable measure for well developed 
pullet. Reports of Summers and Leeson (1983) and Keshavarz (1995) 
suggested that body weight of pullets at the age of housing was 
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positively correlated with egg weight during the egg production cycle. 
Summers and Leeson (1994) reported that such low protein diets 
negatively affected the subsequent egg size. Keshavarz (1998) 
reported that egg production, egg mass, feed consumption, and feed 
conversion from 18 to 38 wk of age were not affected by dietary 
protein levels (14.5 vs 17.5%) used for pullets during 8 to 18 wk of 
age. Also, egg weight and egg size during 20 to 38 wk of age were not 
influenced by diet energy and protein levels fed to the birds during     
8 to 18 wk of age. At the same report egg production from 22 to 66 
wk of age was not influenced by dietary protein levels during the 
growing period. The only exception was for egg production from 34 to 
38 wk of age, which was lower for hens fed high protein sequence 
during the growing period. Egg weight from 22 to 66 wk of age was 
not influenced by neither the energy nor the protein levels during the 
growing period.  
Nahashon et al. (2007) investigated the effect of different 
protein levels (20, 22, and 24%) and (17, 19, and 21%) from 0 to 8 
and 9 to 16 week of age, respectively, on egg production performance 
of Pearl Grey guinea fowl pullets. They concluded that birds fed the 
high protein levels 22 and 24% CP exhibited higher hen-day egg 
production, egg mass, and lower feed conversion than those fed 20% 
diets. 
2.6 Effect of energy during the growing period on laying 
performance 
Age at first egg and 50% production were not influenced by 
energy level used during the growing period (Keshavarz, 1998). Egg 
production, egg mass, feed consumption, and feed conversion from 18 
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to 38 wk of age were not affected by dietary energy levels (2,816 vs 
3,036 kcal ME/kg) fed to the pullets during 8 to 18 wk of age 
(Keshavarz, 1998). Egg production and egg weight from 22 to 66 
week of age were also not influenced by energy levels fed to the birds 
during the growing period. Nahashon et al. (2007) investigated the 
effect of different energy levels (2900, 3000, and 3100 kcal ME/kg%) 
and (3000, 3100, and 3200 kcal ME/kg) from 0 to 8 and 9 to 16 week 
of age, respectively, on egg production performance of Pearl Grey 
guinea fowl pullets. They revealed that hen-day egg production, egg 
mass, and internal egg quality were higher and feed conversion was 
lower for pullets fed 3000 and 3100 kcal ME/kg diet at 0 to 8 week of 
age than those fed 2900 kcal ME/kg. 
2.7 Effect of environmental temperature on pullet requirements 
Leeson and Caston (1993) investigated the effect of 
environmental temperature on body weight and shanks length in 
Leghorn pullets. These pullets were grown at 30 or 18ºC following 
conventional brooding period. Within each environment, birds fed 
diets providing 2500 kcal ME/kg or 3000 kcal ME/kg. They reported 
that regardless of diet energy level, growing pullets at 30 vs 18ºC 
resulted in a significant reduction in body weight at 14 weeks, 
although these birds had longer shanks at this time. The warmer 
environment resulted in a 10% increase in shank length per unit body 
weight. They also concluded that the environmental temperature does 
not negatively affect the shank bone development. High 
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environmental temperature will reduce the growth rate of chickens 
(Leeson and Summers, 1991).  
Leeson and Summers (1989) tested pullets reared at a constant 
22ºC or cyclic temperature of 22 – 32ºC and fed diets ranging from 
2650 to 3150 kcal/kg with 15 – 19% CP. Increasing the metabolizable 
energy (ME) of the diet increased body weight and the effect was 
most pronounced in the hot environment. Increasing dietary protein 
increased body weight initially, but at 140 days of age body weights 
were not influenced by dietary protein. They concluded that, when 
pullets fed adequate protein, growth is most responsive to energy 
intake.        
2.8 The main poultry feed ingredients 
Poultry diets are composed primarily of a mixture of feedstuffs 
such as cereal grains, soybean meal, oil seeds cake, animal by-
products meal, fats, vitamin and mineral premixes.  
  The poultry feeding costs constitute about 50-70% of the total 
cost of poultry production. Because of that the poultry industry 
development depends largely upon the extent on the availability of 
feedstuffs that are used or can be made suitable for use in poultry 
production. 
In the United States, corn and soybean meal are the major 
ingredients supplying energy and protein to commercial layers (Sohail 
et al., 2003). The modern poultry industry is characterized by high 
level of production and efficient feed conversion. Improvement in 
production must depend on obtaining maximum nutrient utilization 
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from feedstuffs, which would also enable the use of a wide range of 
ingredients currently considered of inferior quality.  
Corn has been used as the source of energy in poultry diets in 
the most countries in the world. However, the high cost of corn and 
corn supplies go to nonagricultural uses such as ethanol production. 
There appears to be a need for alternative grain sources for pullet and 
layer rations. Sorghum can be used as a complete replacement for 
maize in broiler diets without sacrificing animal performance (Sharma 
et al., 1979). Grain sorghum is an important feed ingredient in many 
parts of the world (Boren and Waniska, 1992). Soybean and yellow 
maize availability in some areas like Sudan are very rare due to their 
high cost. This has made poultry nutritionists in Sudan to search and 
use feed ingredients produced locally at low cost. 
Sorghum (Feterita), groundnut cake, sesame cake and wheat 
bran are considered as the main source of energy and protein in 
poultry diets in Sudan. 
Wheat makes a good replacement of corn in poultry feed. 
Wheat is used mainly for human consumption in Sudan. The relatively 
lower price has made sorghum (Feterita) preferable to other cereals as 
a source of energy for poultry diets in Sudan.   
2.9 Nutrient composition of ingredients used in poultry diets in 
Sudan 
There are many factors which affect the chemical composition 
of sorghum, groundnut, sesame, and wheat. The variability in the 
chemical composition can be due to intrinsic factors (variety) and/or 
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extrinsic factors (growing conditions, growing season, geographical 
location, storage …etc), both of which affect nutrient availability. 
Nelson et al. (1975) reveled that there was a high variability in the 
metabolizable energy values of sorghum grains. The protein content of 
the whole seed of sorghum grain is in the range of 7-15% (FAO, 1995 
and Beta et al., 1995). Rooney (1990) found that sorghum grain has 
approximately 95% of the feeding value of corn. Ebadi et al. (1998) 
reported that the metabolizable energy varied from 2750 to 3540 
kcal/kg for low tannin sorghum and high tannin sorghum, 
respectively. Also, the protein content was reported to vary from 9.5 
to 14%, ADF from 3 to 18%, ether extract from 1.5 to 4.5%, and 
tannin from 0.02 to 1%. Gowda et al. (1984) reported an apparent 
metabolizable energy of 3257 kcal/kg for sorghum. Sharma et al. 
(1979) revealed that apparent metabolizable energy of sorghum is 
only 2510 kcal/kg.  
Wheat is an important feed ingredient for poultry diet in 
Europe. Although, in Sudan wheat is not used as poultry feed 
ingredient, the wheat bran is used for poultry diet as an agro-industrial 
by-product. Wheat physical and chemical traits may vary depend on 
variety. For example wheat hardness (Oury et al., 1998; Morris, 2002; 
Chantret et al., 2005), activity of phytase (Kim et al., 2003), total non 
starch polysaccharides (Carré et al., 2002) have been shown to depend 
on wheat cultivar. The energy value is changed and this is attributed to 
the conditions of harvesting (Zijlstra et al., 1999), post-harvest storage 
(Kim et al., 2003) or growing location (George and McCracken, 2003) 
that affect chemical composition within the same cultivar. Wiseman 
(2000) reported that apparent metabolizable energy of wheat ranges 
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from 8.49 to 15.9 MJ/kg of dry matter. Wheat contains relatively high 
levels of nonstarch polysaccharides as structural carbohydrate in the 
aleurone and endosperm walls (Annison, 1990 and Ward, 1995). 
Cellulose is a small proportion of the grain cell wall. Most of the 
carbohydrate fraction is derived from β-glucan and arabinoxylan 
(Annison and Chot, 1991). Teitge et al. (1991) stated that after 
ingestion, arabinoxylans become soluble resulting in increase digesta 
viscosity. The viscous intestine reduced the passage of the digesta 
(Antoniou and Marquardt, 1983). With a reduction of digesta passage, 
the feed consumption would be less and could decrease the live 
performance. As the viscosity increases, the rate of absorption of 
nutrients decreases (Fengler and Marquardt, 1988), and leads to 
increase the incidence of sticky droppings, which would increase the 
percentage of the dirty eggs (Classen and Bedford, 1991). Kim et al. 
(2003) reported that the growing season has an effect on wheat 
specific weight, endosperm hardness, content of crude protein and 
starch and non starch polysaccharides. 
      Jacob et al. (1996) reported that the sunflower cake and sesame 
cake are high yielding protein source in layer diets. Sesame seed        
is composed of 15 – 20% protein, 45 – 50% lipids, and 10 – 15% 
carbohydrates (Lee et al., 2005). Mamputu and Buhr (1995) reported 
that sesame meal is an important source of protein (47.1%). Kaneko  
et al. (2002) stated that the sesame meal contained 52.9% crude 
protein.  
Peanut nitrogen-corrected metabolizable energy ranged from 
2,273 to 3,009 kcal/kg with a mean of 2,664 kcal/kg whereas the 
crude protein ranged from 40.1 to 50.9% with a mean of 45.6%    
(Batal et al., 2005).           
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CHAPTER THREE 
GENERAL MATERIALS AND METHODS 
 
The present study was conducted at the poultry houses of The 
Department of Poultry Production, Faculty of Animal Production, 
University of Khartoum during the period from March 2006 to June 
2007 to estimate the effect of feed manipulations during growing 
period on pullet growth and laying performance. The chemical 
analysis was performed for the rations, blood, and ingredients in the 
laboratories of University of Khartoum (Sudan), University of 
Humboldt (Germany), Technical University of Munchen (Germany), 
and Veterinary Research Centre (Soba-Sudan).   
3.1 Experimental animals 
3.1.1 Birds 
Two hundred and seventy, one- day-old chicks single comb 
leghorn strain (Hisex) were brought from Coral Chick and Feed 
Production Farms in Khartoum to investigate the effect of feed 
manipulation during the growing period on pullet growth and laying 
performance.  
3.1.2 Housing and lighting regimens 
The pens were cleaned, burned, fumigated with formaldehyde 
solution and washed prior to the commencement of the experiment. 
The floor of pens was covered with wood shavings. The pens 
measured 1 × 1 × 1 m, and each housed 10 birds. The birds were 
housed on open sided deep litter house in three rows of pens each one 
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contains nine pens situated on East-West direction facing South and 
North winds. Birds were kept at these pens throughout the trial. 
The pullets were exposed to 23 hours lighting and 1 hour dark 
in the first 48 hours. Thereafter, the lighting period was reduced 
gradually by two hours weekly to 12 hours at 6 wk of age and that is 
equivalent to the day length during summer season in Sudan. The 
lighting period remained constant until 18 wk of age. Thereafter, the 
day length was increased by two hours weekly until reach 16 hours 
per day at 20 wk of age. The day length during laying period was kept 
16 hours up to the end of the experiment. 
3.1.3 Vaccination and hygienic measurements 
Birds of all experimental groups were vaccinated against 
Newcastle using Avinew (live vaccine against Newcastle disease 
VG/GA Strain-Freeze-dried pellet) in drinking water at the age of       
4, 21, 52, 122, 319, and 376 days, while Bionew (oil emulsion) 
vaccines was used at the age of 19, and 154 days subcutaneously in 
the upper side of the neck and intramuscularly, respectively.  
To protect chicks against Gumboro they were vaccinated at the 
age of 13, 36, and 43 days via drinking water using Bur-706 (freeze 
dried modified live vaccine against infectious bursal disease S706 
strain). Bioral H 120 (modified live vaccine against avian infectious 
bronchitis H 120 strain-Freeze-dried pellet) was used to protect birds 
against infectious bronchitis at the age of 13, 61, 122, and 326 days 
through drinking water. Avinew, Bioral H 120, and Bur-706 were -
manufactured by Merial-17, rue Bourgelat 69002 Lyon-France. 
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Against fowl pox birds were vaccinated by live FPV vaccine by wing-
web method at 18 week of age. 
3.2 Experimental design 
A (3 × 3) factorial arrangement was used in a completely 
randomized design to study three levels of protein and three levels of 
energy during several stages of pullet growth and their effect on 
growth and laying performance. The experimental period was divided 
into four phases: 
 
Phase Period (weeks) 
Phase one (starter) 0 to 6 
Phase two (grower) 7 to 12 
Phase three (developer) 13 to 18 
Phase four (production ) 19 to 66 
 
In all phases of growing, control levels of protein and energy 
were set according to NRC (1994), and the other levels were higher 
and lower. A total of 9 treatments in all phases of growing were 
employed and each treatment was replicated three times with ten birds 
each. At 1 day old, experimental birds were weighed individually and 
assigned so as to make no obvious differences in average weight 
between experimental units. At day 172, one bird from each replicate 
was slaughtered to investigate the development of reproductive organs 
and carcass characteristics after that the number of birds in each 
experimental unit was nine. 
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3.3 Feeding of the birds 
All the groups were provided ad-libitum access to the feed and 
water throughout the trial. 
3.3.1 Feed components 
The main ingredients used to formulate the diets were sorghum, 
groundnut cake, sesame cake, and wheat bran so as to investigate if 
these local ingredients fulfil the requirements of pullets and laying 
hens. Lysine and methionine were added to the diets of all phases to 
meet levels recommended for birds in each growing phase (National 
Research Council, 1994). 
3.3.2 Composition of diets 
3.3.2.1 Phase one (starter) 
Three levels of protein (16, 18 “control”, and 20% CP), and 
Three levels of energy (2650, 2850 “control”, and 3050 kcal of ME/kg 
of diet) were used for the starter period. The compositions of starter 
diets are shown in Table 3.1.  A total of 9 treatments were employed 
and each treatment was replicated three times with ten birds each. 
When a bird died, it was replaced with a bird from the extra replicate 
in order to keep the floor space identical for all groups during the 
growing period. 
3.3.2.2 Phase two (grower) 
The same protocol in phase one was continued for the factorial 
arrangement. The levels of energy were not changed, but the levels of 
protein were changed (14%, 16% “control”, and 18%), (Table 3.2.). 
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Table 3.1 Composition and calculated nutritional content (% original matter) of experimental diets of starter period (0 to 6 wks) 
  
Ingredients and analysis 
2,650 kcal ME/kg (E1) 2,850 kcal ME/kg (E2) 3,050 kcal ME/kg (E3) 
16% CP 
(P1) 
18% CP 
(P2) 
20% CP 
(P3) 
16% CP 
(P1) 
18% CP 
(P2) 
20% CP 
(P3) 
16% CP 
(P1) 
18% CP 
(P2) 
20% CP 
(P3) 
Sorghum 49.30 46.16 41.33 60.80 57.80 53.16 61.40 60.00 61.50 
Groundnut cake 7.50 12.21 12.21 3.50 8.70 9.45 5.00 9.40 12.41 
Sesame cake 1.01 2.00 10.00 7.04 7.06 13.11 6.34 9.11 13.00 
Wheat bran 38.57 36.07 33.17 25.07 23.00 21.30 20.98 16.13 9.39 
Dicalcium phosphate  1.49 1.49 1.49 1.49 1.49 1.49 1.49 1.49 1.49 
Oyster shell 1.05 1.05 0.80 1.05 0.90 0.53 1.03 0.85 0.50 
Sodium chloride 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 
Lysine 0.44 0.42 0.40 0.48 0.48 0.42 0.49 0.45 0.43 
DL-methionine 0.14 0.10 0.10 0.07 0.07 0.04 0.07 0.07 0.05 
Vegetable oil - - - - - - 2.70 2.00 0.73 
Vitamin-mineral premix1 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 
Calculated analysis2          
Energy, kcal ME/kg 2,657 2,658 2,660 2,855 2,856 2,853 3,058 3,054 3,056 
Protein 16.70 18.30 20.53 16.70 18.20 20.20 16.50 18.50 20.50 
Calcium 0.87 0.90 1.00 1.00 0.90 0.90 0.90 0.94 0.90 
Available phosphorus 0.42 0.43 0.44 0.42 0.42 0.43 0.41 0.41 0.41 
Lysine 0.89 0.91 0.94 0.87 0.92 0.91 0.87 0.88 0.90 
Methionine 0.35 0.33 0.41 0.32 0.33 0.37 0.31 0.35 0.38 
 
   1 Vitamin-mineral premix provided the following per kilogram of diet: vitamin A (retinyle acetate), 10,000 IU; cholecalciferol, 2,500 IU; α-tocopheryl acetate,60 mg; 
mendione sodium bisulfite complex, 15 mg; thiamine hydrochloride, 2 mg; riboflavine, 8 gm; pyridoxine hydrochloride, 4 mg; cyanocobalamin, 0.04 mg; pantothenic acid, 
15 mg; nicotinic acid, 40 gm; folic acid, 1.5 mg; biotin, 0.2 mg; choline chloride, 200 mg; iron, 50 mg; manganese, 50 mg; copper, 10 mg; zinc, 50 mg; calcium, 352 mg; 
iodine, 1.46 mg; cobalt, 0.5 mg; selenium, 0.2 mg. 
2 Values and metabolizable energy calculated according to Sulieman and Mabrouk (1999). 
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 Table 3.2 Composition and calculated nutritional content (% original matter) of experimental diets of grower period (7 to 12 wks) 
 
Ingredients and analysis 
2,650 kcal ME/kg (E1) 2,850 kcal ME/kg (E2) 3,050 kcal ME/kg (E3) 
14% CP 
(P1) 
16% CP 
(P2) 
18% CP 
(P3) 
14% CP 
(P1) 
16% CP 
(P2) 
18% CP 
(P3) 
14% CP 
(P1) 
16% CP 
(P2) 
18% CP 
(P3) 
Sorghum 53.61 49.60 45.20 65.20 61.80 57.70 65.84 64.30 65.99 
Groundnut cake 0.30 4.21 6.70 1.00 4.70 7.45 1.00 5.00 6.41 
Sesame cake 0.30 2.16 6.84 1.04 3.06 7.11 1.00 5.11 10.00 
Wheat bran 42.37 40.91 38.48 29.37 27.29 24.82 26.14 20.52 14.18 
Dicalcium phosphate  1.49 1.40 1.40 1.49 1.40 1.45 1.42 1.4 1.35 
Oyster shell 1.05 0.90 0.64 1.05 0.90 0.73 1.04 0.85 0.56 
Sodium chloride 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 
Lysine 0.24 0.22 0.18 0.28 0.28 0.20 0.28 0.25 0.23 
DL-methionine 0.14 0.10 0.06 0.07 0.07 0.04 0.08 0.07 0.05 
Vegetable oil - - - - - - 2.70 2.00 0.73 
Vitamin-mineral premix1 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 
Calculated analysis2          
Energy, kcal ME/kg 2,660 2,653 2,654 2,852 2,854 2,854 3,050 3,053 3,054 
Protein 14.50 16.20 18.20 14.40 16.00 18.00 14.00 16.30 18.10 
Calcium 0.80 0.80 0.81 0.83 0.80 0.80 0.80 0.80 0.80 
Available phosphorus 0.42 0.41 0.41 0.41 0.40 0.41 0.39 0.39 0.38 
Lysine 0.62 0.65 0.66 0.62 0.67 0.64 0.61 0.63 0.63 
Methionine 0.32 0.31 0.33 0.25 0.28 0.30 0.26 0.30 0.33 
 
1Vitamin-mineral premix provided the following per kilogram of diet: vitamin A (retinyle acetate), 10,000 IU; cholecalciferol, 2,500 IU; α-tocopheryl acetate,60 mg; 
mendione sodium bisulfite complex, 15 mg; thiamine hydrochloride, 2 mg;riboflavine, 8 gm; pyridoxine hydrochloride, 4 mg; cyanocobalamin, 0.04 mg; 
pantothenic acid, 15 mg; nicotinic acid, 40 gm; folic acid, 1.5 mg; biotin, 0.2 mg; choline chloride, 200 mg; iron, 50 mg; manganese, 50 mg; copper, 10 mg; zinc, 50 
mg; calcium, 352 mg; iodine, 1.46 mg; cobalt, 0.5 mg; selenium, 0.2 mg. 
2 Values and metabolizable energy calculated according to Sulieman and Mabrouk (1999). 
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3.3.2.3 Phase three (developer) 
The same protocol in phase one and two was continued, but the 
levels of both protein and energy were changed (13%, 15% “control”, 
and 17%) and (2700, 2900 “control”, and 3100 kcal of ME/kg of diet). 
The composition of developer diets are shown in Table 3.3. 
3.3.2.4 Production period 
All groups were provided ad libitum access to the standard layer 
diet from 19 to 66 week of age (Table 3.4). Clean water was provided 
to all groups all the time. 
3.4 Blood samples (physiological measurements) 
Two birds from each experimental unit were selected randomly 
to take the blood samples for total blood lipids. The samples were 
taken at the end of each growing phase.  
3.4.1 Total blood lipids 
The blood was collected from each bird into nonheparinized 
tubes, then the blood serum was taken for total lipids analysis.  
3.4.2 Determination of total blood lipids 
The total lipid levels were measured by sulfo-phospho-vanillin 
methods (Fring et al., 1972). The determination is based on the colour 
obtained by phosphor-vanillin after digestion in H2SO4 (Appendix 1). 
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Table 3.3 Composition and calculated nutritional content (% original matter) of experimental diets of developer period 
(13 to 18 wks) 
 
Ingredients and analysis 
2,700 kcal ME/kg (E1) 2,900 kcal ME/kg (E2) 3,100 kcal ME/kg (E3) 
13% CP 
(P1) 
15% CP 
(P2) 
17% CP 
(P3) 
13% CP 
(P1) 
15% CP 
(P2) 
17% CP 
(P3) 
13% CP 
(P1) 
15% CP 
(P2) 
17% CP 
(P3) 
Sorghum 60.99 43.8 51.00 69.10 57.80 62.88 70.00 73.70 74.00 
Groundnut cake 0.10 2.50 50 0.10 2.02 5.50 0.50 4.00 6.50 
Sesame cake 0.10 2.50 5.00 0.10 2.31 6.00 0.50 4.00 6.25 
Wheat bran 34.36 44.64 35.58 27.55 32.8 22.5 22.61 14.88 10.42 
Dicalcium phosphate  1.80 1.60 1.49 1.40 1.40 1.40 1.45 1.35 1.40 
Oyster shell 1.80 1.40 1.05 0.90 0.85 0.90 1.50 0.56 0.69 
Sodium chloride 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 
Lysine 0.28 0.49 0.24 0.28 0.25 0.22 0.20 0.23 0.18 
DL-methionine 0.07 0.07 0.14 0.07 0.07 0.10 0.04 0.05 0.06 
Vegetable oil  2.50   2.00  2.70 0.73  
Vitamin-mineral premix1 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 
Calculated analysis2          
Energy, kcal ME/kg 2,751 2,707 2,701 2,901 2,902 2,904 3,099 3,099 3,092 
Protein 13.90 15.40 17.00 13.90 15.00 17.00 13.50 15.70 17.00 
Calcium 1.20 1.00 0.90 0.70 0.77 0.90 1.00 0.70 0.80 
Available phosphorus 0.47 0.45 0.43 0.39 0.40 0.40 0.39 0.37 0.38 
Lysine 0.63 0.91 0.68 0.60 0.62 0.62 0.50 0.57 0.55 
Methionine 0.24 0.28 0.38 0.24 0.27 0.34 0.21 0.26 0.30 
 
1Vitamin-mineral premix provided the following per kilogram of diet: vitamin A (retinyle acetate), 10,000 IU; cholecalciferol, 2,500 IU; α-tocopheryl acetate,60 
mg; mendione sodium bisulfite complex, 15 mg; thiamine hydrochloride, 2 mg;riboflavine, 8 gm; pyridoxine hydrochloride, 4 mg; cyanocobalamin, 0.04 mg; 
pantothenic acid, 15 mg; nicotinic acid, 40 gm; folic acid, 1.5 mg; biotin, 0.2 mg; choline chloride, 200 mg; iron, 50 mg; manganese, 50 mg; copper, 10 mg; 
zinc, 50 mg; calcium, 352 mg; iodine, 1.46 mg; cobalt, 0.5 mg; selenium, 0.2 mg.  
2Values and metabolizable energy calculated according to Sulieman and Mabrouk (1999). 
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Table 3.4 Composition and calculated nutritional content (% 
original matter) of experimental standard layer diet 
 
Ingredients Composition (%) 
Sorghum 67.80 
Groundnut cake 3.79 
Sesame cake 3.36 
Wheat bran 12.00 
Dicalcium phosphate  0.53 
Oyster shell 6.90 
Sodium chloride 0.30 
Lysine 0.09 
DL-methionine 0.03 
Vitamin-mineral premix1 0.20 
Super concentrate 5.00 
  
Calculated analysis2  
Energy, kcal ME/kg 2,854 
Protein 16.00 
Calcium 3.31 
Available phosphorus 0.30 
Lysine 0.69 
Methionine 0.36 
1 Vitamin-mineral premix provided the following per kilogram of diet: 
vitamin A (retinyle acetate), 10,000 IU; cholecalciferol, 2,500 IU; α-
tocopheryl acetate,60 mg; mendione sodium bisulfite complex, 15 mg; 
thiamine hydrochloride, 2 mg;riboflavine, 8 gm; pyridoxine 
hydrochloride, 4 mg; cyanocobalamin, 0.04 mg; pantothenic acid, 15 mg; 
nicotinic acid, 40 gm; folic acid, 1.5 mg; biotin, 0.2 mg; choline chloride, 
200 mg; iron, 50 mg; manganese, 50 mg; copper, 10 mg; zinc, 50 mg; 
calcium, 352 mg; iodine, 1.46 mg; cobalt, 0.5 mg; selenium, 0.2 mg. 
2 Values and metabolizable energy calculated according to Sulieman and 
Mabrouk (1999). 
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3.5 Slaughter performance 
At day 172 three birds from each treatment that have body 
weights close to the average weight of their respective group were 
subjected to feed withdrawal for four hours to permit gut clearance 
and were slaughtered to investigate the development of reproductive 
organs and carcass traits. The individual pre and post-slaughterd 
weights were measured. The slaughtered birds were feather plucked, 
and head and shanks were weighed together. The weights of 
abdominal fat pad, oviduct including ovary, gizzard, spleen, heart, and 
the gastrointestinal tract were recorded. All weights were estimated in 
grams. 
3.6 Laying performance 
Hen-day egg production was recorded. Eggs from each group of 
hens were collected at 22, 24, and thereafter every month interval for 
measuring egg quality. 
3.7 Records obtained 
3.7.1 Parameters measured during growing period (weekly and/or 
at the end of each period) 
3.7.1.1 Individual body weight (g) 
Live weights of birds were individually recorded at day of age 
and at the end of each period (starter, grower, and developer). 
3.7.1.2 Average body weight (g) 
The average body weight was calculated weekly using the 
following formula 
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Average body weight = W/N 
Where:         
W = weight of birds in the experimental unit 
N = the number of birds inside the experimental unit 
3.7.1.3 Average body weight gain (g) 
The average body weight gain was calculated weekly using the 
following formula 
  Body weight gain =Wx – W0 
Where;                
 Wx = weight at the end of any week of age 
W0 = weight at the end of last previous week 
Body weight gains at the end of each period were calculated by 
subtracting body weight at the end of each period from the initial body 
weight at the same period. 
3.7.1.4 Feed consumption (g) 
Feed consumption (feed intake) was determined by subtracting 
the ending feed weight of each trough (each replicate) from the initial 
feed weight. Feed consumption and body weight records were kept on 
a weekly basis throughout the trial. 
3.7.1.5 Feed conversion ratio (FCR) 
Feed conversion ratio was calculated weekly by dividing grams 
of feed consumed by grams of live body weight gain.  
3.7.2 Measurements during production period 
Average body weight, average body weight gain, and feed 
consumption were recorded weekly as the same as in the growing 
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period. Egg production was recorded daily. Egg traits were measured 
and FCR was generated from the daily feed consumption and the egg 
mass. 
3.7.2.1 Egg production and characteristics 
Egg production on a daily basis was calculated in hen-day 
production throughout the laying period. Fifteen eggs from each 
treatment were collected at the end of week 22, 24, and thereafter 
every four weeks up to 64 wk of age for measurements of egg weight, 
egg mass, albumen height to calculate Haugh unit for internal egg 
characteristics, thereafter yolk index, shape index, egg shell 
deformation, and feed conversion ratio were measured. At first egg 
weight was recorded by sensitive electronic scale. The length and 
width of egg were determined by vernier caliper and their shape index 
was determined. The formula was used to calculate the shape index is 
given below: 
  Egg shape index =   (Width of egg/Length of egg) ×100 
The eggs were broken out and the maximum albumen heights 
were measured from at least three places in each egg with vernier 
caliper. The height and yolk diameter were measured using vernier 
caliper. Yolk index was calculated according to the following formula: 
  Yolk index (%) = (Yolk height/Yolk diameter) × 100 
Individual Haugh unit (Haugh, 1937) score was calculated 
using the egg weight and albumen height (Doyon et al., 1986). The 
Haugh unit values were calculated for individual egg using the 
following formula: 
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HU= 100 log (H+7.57-1.7W0.37) 
Where; 
HU = Haugh unit 
H = Observed height of albumen (mm) 
W = Weight of egg (g) 
The yolk was then weighed and the weight of albumen was 
calculated as the difference in egg weight after the yolk and shell 
weights were obtained. Shells were weighed using digital balance 
after sun-dried for two hours. 
3.7.3 Mortality 
Mortality was recorded as it occurred. 
3.7.4 Feed Chemical analysis 
3.7.4.1 Proximate analysis 
All feeds and the ingredients (sorghum, groundnut cake, sesame 
cake, and wheat bran) were subjected to proximate analysis by 
standardized method according to VDLUFA III ed. Naumann and 
Bassler (1996), for the crude protein, crude fibre, moisture, ash, and 
fat. 
3.7.4.2 Amino acid analysis 
Amino acids levels were provided by the standard method 
described by VDLUFA IV ed. Naumann and Bassler (1997). Amino 
acids analysed were Methionine, Lysine, Asparagine, Threonine, 
Serine, Glutamine, Glysine, Alanine, Valine, Isoleucine, leucine, 
Phenylalanine, Histidine, Arginine, and Proline. 
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3.7.4.3 Mineral analysis 
Oven dried samples were milled with 1 mm mash size. To make 
the sample soluble it was treated with 65% HNO3 and 30% H2O2 and 
cracked in the microwave (Type MarsXpress). The measurement was 
done with the Inductively Coupled Plasma-Optical Emission 
Spectrometry (ICP-OES) iCAP 6300 Duo MFC Fa thermo. This 
method allows a simultaneous measurement of the different elements. 
3.7.5 Statistical analysis 
Experimental data are presented as mean values ± standard 
errors of the means. Statistical analyses were carried out by using the 
SPSS 11.0 program package (SPSS, 2001). The significance of the 
differences among the groups has been determined by Duncan’s 
multiple range test (Petrie and Watson, 1999).  
The statistical model used for body weight, body weight gain, 
feed consumption, feed conversion ratio, age at onset of egg, age at 
50% egg production, egg characteristics, slaughter parameters, and 
total lipids for each period as follows; 
Yijkl = µ + Mi + Pj + (MP)ij + Rijk + γijkl 
Where: 
Yijkl = response variable from each individual replication. 
µ = the overall mean. 
Mi = the effect of dietary metabolizable energy. 
Pj = the effect of dietary crude protein. 
(MP)ij = the effect due to interaction between metabolizable 
energy and crude protein. 
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Rijk = the experimental unit (replications) error term.  
γijkl = the experimental unit error term. 
The statistical model used for hen-day egg production, egg 
characteristics, and overall serum total lipids of growing period was: 
Yijklm = µ + Mi + Pj + Tk + (MP)ij + (MT)ik + (PT)jk                 
+ (MPT)ijk + Rijkl + γijklm 
Where: 
Yijklm = response variables from each individual replication. 
µ = the overall mean. 
Mi = the effect of dietary metabolizable energy. 
Pj = the effect of dietary crude protein. 
Tk = the effect of time period. 
(MP)ij = the effect due to interactions between dietary 
metabolizable energy and crude protein. 
(MT)ik = the effect due to interactions between metabolizable 
energy and time period. 
(PT)jk = the effect due to interactions between dietary crude 
protein and time period. 
(MPT)ijk = the interactions between metabolizable energy, crude 
protein, and time periods. 
Rijkl = the experimental unit (replications) error term. 
γijklm = the experimental unit error term. 
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CHAPTER FOUR 
 
Response of Commercial Egg-Type Pullets to Diets Varying in 
Protein and Energy Content in Arid Hot Climate 
 
4.1 Introduction 
Pullet’s nutrition is very important for layers egg production 
and quality. Poultry producers who raise their own replacement pullets 
have better control of their pullet’s growth and development. The 
producers are putting their fate in the hands of others when they 
purchase their replacement pullets from commercial pullet growers. 
There is a direct relationship between the pullet’s development during 
rearing and subsequent performance during the laying cycle. It is very 
important to have the correct amount and balance of amino acids, 
other nutrients, and energy in the ration at several stages of the 
growing period. Pullets should be fed in a manner that will give the 
great chance for full expression of their growth genetic potential 
during the growing period. Body weight of pullets at the age of 
housing has a positive correlation with egg weight during the egg 
production cycle (Summers and Leeson, 1983; Keshavarz, 1995). 
Increasing the energy and protein in the diet from 16 to 20 wk of age 
did not improve the body weight of pullets at 20 wk of age and egg 
size during the early stages of egg production cycle (Summers and 
Leeson, 1993). Many researches suggest that it might be important to 
begin manipulation of nutrients in the diet at an earlier age during the 
growing period to increase the body weight at the age of housing and 
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consequently the early egg size (Summers and Leeson, 1993; 
Keshavarz and Nakajima, 1995). Keshavarz (1998) reported that body 
weight at 18 wk of age was increased by using high energy (3,036 vs 
2,816 kcal ME/kg) or high protein (17.5 vs 14.5%) diets from 8 to 18 
wk of age. Also, he revealed that body weight at 18 wk of age 
increased only due to the use of a high protein sequence (22, 18, and 
16% vs 18, 16, and 14% that were used during 0 to 6, 6 to 12, and 12 
to 18 wk of age, respectively). However, the length of the small 
intestine and the weight of different body organs were not affected by 
energy or protein levels used during the growing period. On the other 
hand age at first egg and 50% production were not influenced by 
energy level used during the growing period. These ages were 
advanced by 2 and 4 days, respectively, for the birds fed the high 
protein sequence during the growing period. Leeson et al. (2000) 
reported that supplementing synthetic amino acids in a 13% crude 
protein pullet diet to equate all those in an 18% crude protein diet 
resulted in better weight gain than did supplementing amino acids 
merely to predicted requirement levels. Sturkie (1990) stated that the 
level of the plasma lipids are probably influenced by the physiological 
and nutritional status of the bird.   
Although, relatively few strains of Leghorn birds are used in 
Sudan for egg production, there is a surprising lack of information 
concerning the suitable levels of protein and energy for those birds 
during the growing period. Also, in order to resolve the confounding 
effect of harsh climatic condition in Sudan on pullets growth and 
development, it seemed advantageous to study the protein and energy 
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manipulation on pullet growth and development. For these reasons 
this research was conducted to achieve those goals.     
4.2 Materials and methods 
4.2.1 Experimental birds housing and management 
Birds housing and management are presented in Chapter three.  
4.2.2 Parameters measured during growing period (weekly and/or 
at the end of each period) 
4.2.2.1 Individual body weight (g) 
Live weights of birds were individually recorded at day old of 
age and at the end of each period (starter, grower, and developer). 
4.2.2.2 Average body weight (g) 
The average body weight was calculated weekly using the 
following formula: 
  Average body weight = W/N 
Where:         
W = weight of birds in the experimental unit. 
N = the number of birds inside the experimental unit. 
4.2.2.3 Average body weight gain (g) 
The average body weight gain was calculated weekly using the 
following formula: 
  Body weight gain =Wx – W0 
Where;                
Wx = weight at the end of any week of age 
W0 = weight at the end of last previous week 
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Body weight gains at the end of each period were calculated by 
subtracting body weight at the end of each period from the initial body 
weight at the same period. 
4.2.2.4 Feed consumption (g) 
Feed consumption (feed intake) was determined by subtracting 
the ending feed weight of each trough (each replicate) from the initial 
feed weight. Feed consumption and body weight records were kept on 
a weekly basis throughout the trial. 
4.2.2.5 Feed conversion ratio (FCR) 
Feed conversion ratio was calculated by dividing grams of feed 
consumed by grams of live body weight gain. 
4.2.2.6 Blood samples 
Two birds from each experimental unit were selected randomly 
to take the blood samples for total blood lipids. The samples were 
taken at the end of each growing phase.  
4.2.2.6.1 Total blood lipids 
The blood was collected from each bird into nonheparinized 
tubes then, the blood serum was taken for total lipids analysis.  
4.2.2.6.2 Determination of total blood lipids 
The total lipid levels were measured by sulfo-phospho-vanillin 
methods (Frings et al., 1972). The determination is based on the 
colour obtained by phosphor-vanillin reaction (Appendix 1). 
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4.2.2.7 Slaughter performance 
At day 172 three birds from each treatment that have body 
weights close to the average weight of their respective group were 
subjected to feed withdrawal for four hours to permit gut clearance 
and were slaughtered to investigate the development of reproductive 
organs and carcass traits. The individual pre and post-saughterd 
weights were recorded. The birds were feather plucked, and head and 
shanks were weighed together. The weights of abdominal fat pad, 
oviduct including ovary, gizzard, spleen, heart, and the gastrointestinal 
tract were recorded. All weights were estimated in grams. 
4.3 Results and discussion 
4.3.1 Effect of energy and protein levels on pullets body 
performance during starter, grower and developer periods 
Body weight gain of pullet fed the higher levels of protein P2 
and P3 were greater than those fed low level of protein P1 at starter 
period (P ≤ 0.01), with no differences in feed consumption (Table 
4.1). High protein diets P2 and P3 during starter period resulted in 
improved feed conversion ratio of birds compared to those pullets fed 
the low level of protein diet (P ≤ 0.05). Body weight gain was affected 
significantly by protein levels during the grower period (P ≤ 0.05). 
There was significant difference (P ≤ 0.05) between P3 and P1 levels 
of protein, but there were no significant differences between P2 level 
of protein and both levels P3 and P1 in their effects on body weight 
gain during the grower period. Feed conversion ratio was not 
influenced by protein levels used during grower period (Table 4.1). 
Body weight gain, feed consumption, and feed conversion ratio were 
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not significantly (P ≤ 0.05) affected by protein levels fed to the pullets 
during developer period. Feed consumption, feed conversion ratio, 
and body weight gain were not influenced by energy levels used 
during the whole growing period (Table 4.1). The only exception was 
the body weight gain during starter period, which was greater for 
pullets fed E1 level from those fed E2 level of energy (P ≤ 0.05). 
There were no significant differences (P ≤ 0.05) between the effect of 
E3 from E2 and E1 levels of energy on body weight gain during 
starter period.      
Table 4.1 showed that there was significant (P ≤ 0.01) 
interaction between protein and energy levels for body weight gain 
during starter period. With medium energy levels (E2), the weight 
gain significantly increased due to the use of high protein levels      
(P2 and P3) during the starter period. With lower and higher energy 
levels (E1 and E3) the weight gain decreased when protein level 
increased for the higher levels (P2 and P3). Fig 4.1 showed that the 
best body weight gain during starter period resulted from combination 
P2E3 between protein and energy levels (P ≤ 0.01). On the other hand, 
the lowest body weight gain (P ≤ 0.01) on starter period resulted from 
the combination of P1E3. There was an interaction between protein 
and energy during starter period which significantly affected the feed 
conversion ratio (P ≤ 0.01, Table 4.1). P2E3 combination had the best 
feed conversion at the same time the inferior feed conversion was 
recorded with P1E3 combination (P ≤ 0.01, Fig 4.2). During developer 
period there was interaction between protein and energy, which was 
significantly affected the body weight gain (P ≤ 0.05, Table 4.1).     
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Fig 4.3 showed that the best combination resulted in the best body 
weight gain was P2E2. Feed conversion ratio at developer period was 
influenced significantly (P ≤ 0.05) by the interaction between protein 
and energy (Table 4.1). The best combination between protein and 
energy gave the best feed conversion was P2E2 but in contrast the 
inferior feed conversion was recorded with P1E2 (Fig 4.4). 
Body weights were affected significantly (P ≤ 0.01) by protein 
levels at starter period (Table 4.2). High levels of protein (P2 and P3) 
scored higher body weights of pullets than those body weights of 
pullets fed the low level of protein (P1). At the developer period the 
similar results which have been recorded were performed on pullets 
body weights fed several levels of protein (P ≤ 0.01). Tables 4.2 
showed that there were significant (P ≤ 0.01) effects of protein on 
pullets body weight during grower period. Tables 4.2 showed that at 
the grower period there were significant differences (P ≤ 0.01) 
between the different levels of protein P3, P2, and P1, which gave 
higher, medium, and lower weights, respectively. Pullets body weights 
were not significantly (P ≤ 0.05) influenced by the variable energy 
levels during the growing period (Table 4.2). The only exception was 
body weight at the starter period which was greater for the pullets 
provided by lower level of energy E1 than those supplied by E2 level 
of energy. On the other hand no significant difference between pullets 
body weights fed E3 level of energy which represents the highest level 
of energy and E1 and E2. It is well documented that dietary energy 
composition has a major effect on the composition of the chicken 
body (Collin et al., 2003). Waldroup et al. (1990) reported that 
increasing dietary energy promoted the growth rate. The
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Table 4.1 The effect of the energy and protein levels on performance of pullets during starter, grower, and developer periods 
 
Treatment Feed consumption (g/bird) Weight gain (g) FCR (g:g) 
Protein (%) Energy (kcal/kg) 
Starter 
period 
Grower 
period 
Develope
r period 
Starter 
period 
Grower 
period 
Develope
r period 
Starter 
period 
Grower 
period 
Develope
r period 
P1 E1 1233.6 1692.3 2850.2 232.6 260.9 314.7 5.3 6.5 9.1 
 E2 1214.0 1553.5 3010.9 208.9 264.8 236.4 5.8 6.1 12.8 
 E3 1025.7 1770.3 3067.9 164.9 303.4 261.3 6.2 5.8 12.0 
P2 E1 1062.4 1770.3 2742.8 249.7 283.1 253.0 4.3 6.3 11.2 
 E2 1103.3 2153.9 2749.6 181.8 299.3 358.3 6.1 7.2 7.8 
 E3 1081.0 1757.7 3032.4 257.7 298.0 304.5 4.2 6.0 10.1 
P3 E1 1290.8 1846.4 2941.2 227.1 324.8 287.4 5.7 5.7 10.3 
 E2 1182.3 1738.3 2790.4 234.0 336.1 236.0 5.1 5.2 11.8 
 E3 1137.7 1937.4 3085.4 244.1 306.7 266.9 4.7 6.3 11.6 
SEM  25.0 53.8 62.6 3.3 7.2 8.3 0.1 0.2 0.3 
Protein effect  NS NS NS ** * NS * NS NS 
P1  1157.8 1672.0 2976.32 202.2B 276.4b 270.8 5.8a 6.1 11.3 
P2  1082.2 1894.0 2841.61 229.7A 293.4ab 305.3 4.8b 6.5 9.7 
P3  1203.6 1840.7 2938.99 235.1A 322.5a 263.4 5.2b 5.7 11.2 
Energy Effect  NS NS NS * NS NS NS NS NS 
E1  1195.6 1769.7 2844.7 236.5a 289.6 285.0 5.1 6.2 10.2 
E2  1166.5 1815.3 2850.3 208.2b 300.1 276.9 5.7 6.1 10.8 
E3  1081.5 1821.8 3061.9 222.2ab 302.7 277.6 5.0 6.0 11.2 
Protein × energy  NS NS NS ** NS * ** NS * 
A,BMeans in a column and treatment variable with no common superscript differ significantly (P ≤ 0.01). 
a,bMeans in a column and treatment variable with no common superscript differ significantly (P ≤ 0.05). 
*P ≤ 0.05. 
**P ≤ 0.01. 
  41
 
 
0
50
100
150
200
250
300
W
ei
gh
t 
ga
in
 (
gm
s)
P1E1 P2E1 P3E1 P1E2 P2E2 P3E2 P1E3 P2E3 P3E3
Protein and energy levels
Wt gain  
Fig 4.1 The effect of energy and protein levels during the starter 
period on weight gain 
 
 
 
 
 
 
 
  42
 
 
 
 
Fig 4.2 The effect of energy and protein levels during the starter 
period on feed conversion ratio (FCR) 
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Fig 4.3 The effect of energy and protein levels during the 
developer period on weight gain 
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Fig 4.4 The effect of energy and protein levels during the 
developer period on feed conversion ratio (FCR) 
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Table 4.2 The effect of the energy and protein levels on pullets 
body weight during growing period  
 
Treatment Body weight (g) 
Protein (%) Energy (kcal/kg) 6 wk 12 wk 18 wk 
P1 E1 297.63 598.73 925.67 
 E2 278.93 568.80 848.07 
 E3 232.90 569.73 877.33 
P2 E1 320.33 654.73 987.23 
 E2 252.13 598.27 999.67 
 E3 329.00 637.40 1010.43 
P3 E1 294.80 691.13 1050.73 
 E2 304.30 689.77 989.33 
 E3 316.13 665.40 985.60 
SEM  3.10 7.33 12.02 
Protein effect  ** ** ** 
P1  269.82B 579.09C 883.69B 
P2  300.49A 630.13B 999.11A 
P3  305.08A 682.10A 1008.56A 
Energy effect  * NS NS 
E1  304.27a 648.20 987.88 
E2  278.46b 618.94 945.69 
E3  292.68ab 624.18 957.79 
Protein × Energy  ** NS NS 
A-CMeans in a column and treatment variable with no common 
superscript differ significantly (P ≤ 0.01). 
a,bMeans in a column and treatment variable with no common 
superscript differ significantly (P ≤ 0.05). 
*P ≤ 0.05, **P ≤ 0.01. 
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interaction between protein and energy levels for body weight were 
significant (P ≤ 0.01) at starter period. Fig 4.5 showed that the highest 
body weights were achieved by P2E3 combination and the lowest 
body weights were performed by P1E3. 
These findings of the protein effects on body weight and body 
weight gain are in agreement with result of Keshavarz (1998) who 
reported that body weight at 18 wk of age was increased due to the use 
of high protein sequence (22, 18, and 16% vs 18, 16, and 14% that 
were used during 0 to 6, 6 to 12, and 12 to 18 wk of age, respectively. 
The protein in these findings affected significantly the body weight 
during the all growing periods, body weight gain during starter and 
grower periods, and improved the feed conversion during the starter 
period. Thus, it is better to use the high protein levels during the early 
growing periods (starter and grower) without using high protein levels 
during developer period. Because depending upon current report 
which showed that no effect of protein levels on body weight gain 
during the developer period, which is also consistent with Keshavarz 
and Nakajima (1995) who reported that no beneficial effect at 18 wk 
body weight was observed when pullets were fed an 18% as compared 
to a14% crude protein diet from 14 to 18 wk of age. Moreover, 
Summers and Leeson (1993) did not observe improvement in body 
weight of pullets at 20 wk of age due to increased protein and energy 
in the diet from 16 to 20 wk of age. Although, energy has a significant 
effect on body weight and body weight gain only during the starter 
period but the interaction between energy and protein should be 
considered specially during the starter period because 90% of the 
frame size of the body and the vital organs will be achieved during the 
first 12 wk of age.        
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Fig 4.5 The effect of energy and protein levels on body weight in 
the starter period 
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4.3.2 Effect of energy and protein levels during the growing period 
on weight of various organs 
 The weights of different organs were not influenced by protein 
levels during the growing period. The only exception was recorded for 
the oviduct weight (P ≤ 0.01) and spleen weight (P ≤ 0.05). The larger 
oviduct weights of birds were observed (P ≤ 0.01) for the higher levels 
of protein P2 and P3 than those of birds fed the lowest protein level 
P1. In contrast the lowest protein level P1 had the highest weight of 
spleen (P ≤ 0.05). The higher protein level P2 and P3 had lower spleen 
weight without significant difference among them (P ≤ 0.05). The 
similar results were observed for the energy effect on the weight of 
various organs of the birds which were obviously showed that there 
were no significant influences of different energy levels. The only 
exception was that the significant effect on oviduct (P ≤ 0.01) and 
spleen (P ≤ 0.05) weights. The energy levels E1 and E3 fed to the 
birds were resulted in increasing of oviduct weights than those fed E2 
energy level (P ≤ 0.01, Table 4.3). The energy level E2 fed to the birds 
was significantly higher for the spleen weight than those fed the 
energy level E1, while there were no significant differences between 
the weights of spleen for birds fed level E3 and the those fed the 
others two levels E1 and E2 (P ≤ 0.05). Table 4.3 shows the 
interaction between protein and energy levels. The interaction 
between protein and energy for oviduct, heart, and pancreas weights 
were significant (P ≤ 0.05). With increasing the level of energy above 
E1 level the oviduct weight were increased for the all levels of
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Table 4.3 The effect of the energy and protein levels on carcass characteristics of pullets at 172 day of age 
Treatment 
Live wt Post mortem Carcass Oviduct 
Abdominal 
fat pad (g) 
Gizzard + 
prov-
entriculus 
Intestine Liver Heart Pancreas Spleen Head and shanks Protein level Energy level 
P1 
E1 1296.7 1130 832.3 42.5 30.7 42.3 70.4 28.4 5.3 2.9 1.3 78.0 
E2 1153.3 976.7 793.3 8.6 10.7 43.3 58.8 24.7 5.5 2.0 2.2 81.5 
E3 1183.3 956.7 775.0 13.2 12.2 47.7 57.8 25.4 4.8 2.8 1.8 76.9 
P2 
E1 1280.0 1069 806.7 39.1 21.8 35.6 73.1 27.3 5.7 3.2 1.3 80.8 
E2 1220.0 1036.7 813.3 24.3 32.5 46.1 61.0 29.4 5.4 2.3 1.5 78.1 
E3 1253.3 1113.3 730.0 38.6 13.8 33.8 60.7 21.0 7.9 2.8 1.1 78.9 
P3 
E1 1260.0 1123.3 823.3 39.9 23.2 38.2 72.5 29.7 6.7 1.9 1.3 81.7 
E2 1260.0 1126.7 833.3 34.6 27.3 40.9 72.7 25.3 5.4 3.3 1.4 79.2 
E3 1313.3 1110.7 840.0 49.4 19.0 38.1 60.8 27.0 4.9 2.2 1.3 77.9 
SEM  19.8 21.9 15.7 1.8 1.9 1.2 2.1 1.1 0.2 0.1 0.1 1.1 
Protein effect  NS NS NS ** NS NS NS NS NS NS * NS 
P1  1211 1021 797.2 21.4B 17.9 44.4 62.3 26.2 5.2 2.6 1.8a 78.8 
P2  1251 1073 783.3 34.0A 22.7 38.5 65.0 25.9 6.3 2.8 1.3b 79.3 
P3  1278 1120 832.2 41.3A 23.2 39.1 68.7 27.3 5.6 2.5 1.3b 79.6 
Energy effect  NS NS NS ** NS NS NS NS NS NS * NS 
E1  1279 1108 817.8 40.5A 25.3 38.7 72.0 28.4 5.9 2.7 1.3b 80.2 
E2  1211 1047 813.3 22.5B 23.5 43.4 64.1 26.5 5.4 2.5 1.7a 79.6 
E3  1250 1060 781.7 33.7A 15.0 39.8 59.8 24.5 5.8 2.6 1.4ab 77.9 
Protein × Energy  NS NS NS * NS NS NS NS * * NS NS 
A,B Means in a column and treatment variable with no common superscript differ significantly (P ≤ 0.01).  
a,b Means in a column and treatment variable with no common superscript differ significantly (P ≤ 0.05). *P ≤ 0.05, **P ≤ 0.01. 
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protein. The largest weight of the oviduct was recorded in the 
combination of P3E3, while the lowest weight was resulted of the 
P1E2 combination (Fig 4.6). The heart weight was significantly the 
best for birds consumed diet contained P2E3 combination during the 
growing period (Fig 4.7). Pancreas was relatively well developed for 
the birds supplied with P3E2 combination diet (Fig 4.8). With 
increasing the level of energy from E1 level to E2 level the pancreas 
weights were decreased by increasing the protein levels (from P1 to 
P2), then started to increased for E3 level. However, with increasing 
the level of energy the pancreas weights increased, then started 
decreasing with the highest level of protein (P3). Previous report of 
Keshavarz (1998) who revealed that the length of the small intestine 
and the weight of different organs were not influenced by energy and 
protein levels used during the growing period, our results were not 
congruence with those results, which indicated that there were 
significant effects on oviduct weight when high protein levels (P2 and 
P3), and high level of energy (E3) during the growing period. These 
results indicated that it is advisable to use the high levels of energy 
and protein, because good production of eggs is depending upon the 
well developed oviduct. Although, there was no significant effect of 
protein levels during the growing period on shanks and head weights, 
there were relatively higher for (P2 and P3) levels of protein, which in 
part, due to the larger size of combs and wattles resulting from good 
development of the oviduct.    
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Fig 4.6 The effect of energy and protein levels during the growing 
period on oviduct weight 
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Fig 4.7 The effect of energy and protein levels during the growing 
period on heart weight 
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Fig 4.8 The effect of energy and protein levels during the growing 
period on pancreas weight 
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4.3.3 Effect of energy and protein levels during the growing 
periods on pullets total blood lipids 
Table 4.4 shows the results of total blood lipids as influenced by 
protein and energy levels. Total blood lipids at starter period was not 
significantly influenced by protein and energy levels (P ≤ 0.05). At 
grower period the total blood lipids was affected significantly (P ≤ 
0.05) by diet protein levels. Higher levels of protein (P2 and P3) 
decreased pullets total blood lipids than those pullets consumed the 
lower protein level P1 (P ≤ 0.05). At developer period no significant 
effect of several protein levels on pullets total blood lipids (P ≤ 0.05). 
Pullets total blood lipids was not significantly influenced by energy 
levels at different growing periods (P ≤ 0.05). There was no 
interaction between protein and energy levels (P ≤ 0.05) for the total 
blood lipids. Figures 4.9, 4.10, and 4.11 showed the protein and 
energy levels effects on total blood lipids at starter, grower, and 
developer, respectively. The results of the influence of protein and 
energy levels on total blood lipids in the whole growing period are 
shown in Table 4.5. Energy and protein levels had no significant 
effect (P ≤ 0.05) on total blood lipids at the whole period of growing. 
The different ages of birds during the growing period had highly 
significant effect (P ≤ 0.01) on total blood lipids, which is obviously 
observed in Table 4.5. The highest level of total blood lipids was 
recorded during the developer period whereas the lowest level was 
observed at the starter period (P ≤ 0.01). All growing periods differed 
significantly (P ≤ 0.01) from each other in their effect on total
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Table 4.4 The effect of energy and protein levels on total blood 
lipids of pullets during the growing period 
 
Treatment Total blood lipids (mg/100 ml) 
Protein (%) Energy (kcal/kg) 
Starter 
period 
Grower 
period 
Developer 
period 
P1 
E1 348.4 518.0 563.9 
E2 344.0 478.0 569.4 
E3 391.7 488.0 488.9 
P2 
E1 274.6 417.6 740.8 
E2 341.8 457.0 449.9 
E3 342.9 469.6 574.3 
P3 
E1 305.1 442.1 566.3 
E2 295.9 421.1 480.1 
E3 331.1 494.5 516.6 
SEM  11.1 6.1 35.6 
Protein effect  NS * NS 
P1  361.4 494.7a 540.7 
P2  319.8 448.1b 588.3 
P3  310.7 452.6b 521.0 
Energy Effect  NS NS NS 
E1  309.4 459.2 623.6 
E2  327.2 452.1 499.8 
E3  355.2 484.0 526.6 
Protein × energy  NS NS NS 
 
a,bMeans in a column and treatment variable with no common 
superscript differ significantly (P ≤ 0.05). 
*P ≤ 0.05. 
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Fig 4.9 Effect of protein and energy levels on total blood lipids 
during the starter period 
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Fig 4.10 Effect of protein and energy levels on total blood lipids 
during the grower period 
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Fig 4.11 Effect of protein and energy levels on total blood lipids 
during the developer period 
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Table 4.5 The effect of energy and protein levels on total blood 
lipids of pullets during the whole growing period 
 
Treatment  Total blood lipids (mg/100 ml) 
Protein effect NS 
P1 16-14-13 % 465.6 
P2 18-16-15 % 452.0 
P3 20-18-17 % 428.1 
Energy effect NS 
E1 2650-2650-2700 (kcal/kg) 464.1 
E2 2850-2850-2900 (kcal/kg) 426.4 
E3 3050-3050-3100 (kcal/kg) 455.3 
Age effect ** 
Starter  330.6C 
Grower  465.1B 
Developer  550.0A 
Protein × Energy NS 
Age × Protein NS 
Age × Energy NS 
Age × Protein × Energy NS 
SEM of Model 12.6 
 
A-CMeans in a column and treatment variable with no common 
superscript differ significantly (P ≤ 0.01). 
**P ≤ 0.01. 
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blood lipids. These results confirm the observation of Sturkie (1990) 
who reported that the blood lipids concentration is influenced by age, 
sex, nutrition, state of health, energy needs, and other factors. The 
blood lipids in the current results was higher in the developer period 
and that may be due to the lipoprotein complexes that transport the 
lipids synthesized in the liver  to the ovary  where they are deposited 
intact in the follicles.      
4.3.4 Effect of energy and protein levels during the growing 
periods on ages of first egg and 50% production 
Table 4.6 shows the results of the effect of the energy and 
protein levels during the growing period on age of the first egg and 
50% production. Age at first egg and 50% production of hens were 
not influenced significantly (P ≤ 0.05) by energy levels during the 
growing period. However, these ages were affected significantly (P ≤ 
0.05) by protein levels during the growing period. Age at first egg was 
postponed by about 8 days for the birds fed P1 and P2 than those fed 
P3 level of protein (P ≤ 0.05). Age at 50% production for birds fed P3 
level of protein was advanced by 6 and 11 days from those fed P2 and 
P1 levels of protein, respectively, whereas there was no noticeable 
difference in ages between birds fed P1 and P2 levels of protein. 
These results are consistent with a previous report of Keshavarz 
(1998) who revealed that energy level used during the growing period 
had no effect on the age at first egg or 50% production.  
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Table 4.6 The effect of the energy and protein levels on age at first 
egg and 50% production. 
 
Treatments Age at first egg 
Age at 50% 
production 
Protein level Energy level (days) 
Protein effect  * * 
P1  146a 164.8a 
P2  146a 159.8a 
P3  138b 153.3b 
 
Energy effect NS NS 
E1 145.3 159.0 
E2 142.7 161.2 
E3 142.9 157.7 
Protein × energy  NS NS 
 
a,bMeans in a column and treatment variable with no common 
superscript differ significantly (P ≤ 0.05). 
*P ≤ 0.05. 
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However, these ages were advanced for the birds fed the high 
protein sequence. The results of the current experiment are in 
agreement with the finding of El Zubeir and Mohammed (1993), 
which explain that the ages of birds at the point of lay and at 50% egg 
production were decreased by increasing the dietary protein level. The 
best combination resulted in early age of onset of egg was P3E1 
followed by P3E3, whereas P1E1 resulted in late onset of egg (Fig 
4.12). The pullets fed P3E3 during the growing period resulted in 
early age of 50% production (Fig 4.13). 
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Fig 4.12 effect of protein and energy levels during the growing 
period on age at first egg 
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Fig 4.13 effect of protein and energy levels during the growing 
period on age at 50% production 
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CHAPTER FIVE 
The Effect of Dietary Manipulations of Protein and Energy 
during the Growing Period of Egg-Type Pullets on  
Early Egg Production Performance 
 
5.1 Introduction 
    Pullet’s feeding programs, which provide adequate 
requirements in the growing periods had a pronounced effect on their 
body weight and at onset of lay and laying performance. Hudson et al. 
(2000) mentioned that providing higher crude protein intakes at an 
early age may improve subsequent egg production for broiler 
breeders. There have been many researchers suggesting the adoption 
of proper levels of dietary nutrient and rearing regime in order to 
produce pullets that develop into profitable layers. The quality of the 
bird at the onset of her egg production will greatly determine how 
profitable she will be during the laying cycle. However, it appeared 
that there is no best program to follow. There is no consensus on the 
proper levels of dietary protein and energy required during the growth 
phase. There appears to be limited agreement that body weight and/or 
body composition at onset of production are the most important 
(Leeson and Summers, 1987). It is essential to have the Leghorn pullet 
reach the target weight, body composition and possibly age, at the 
onset of laying (Leeson et al., 1991; Leeson and Caston 1991 and 
Summers    et al., 1991). There is a mature pullet body weight, that the 
bird should reach before the early stages of reproductive process are 
initiated with (increase in liver weight, development of the oviduct, 
etc.). Leeson  et al. (1998) stated that regardless of diet energy level, 
pullets were smaller in weight and stature when the protein level 
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decreased. Throughout the laying cycle this weight differential was 
maintained, during, which there was obvious trend of smaller weight 
birds to produce smaller eggs. Also, at the same report the egg 
production and other egg characteristics were not influenced by 
protein levels during the growing period. The body weight is an 
important consideration and reliable measure for well developed 
pullet. Leeson et al. (2000) revealed that pullets fed lower protein 
diets were consistently smaller regardless of energy evaluation 
system. Summers and Leeson (1994) reported that such low protein 
diets are deleterious to subsequent size of the egg. Many reports 
indicated that body weight of pullets at the age of housing was 
positively correlated with egg weight during the egg production cycle 
(Summers and Leeson, 1983 and Keshavarz, 1995). Keshavarz (1998) 
reported that egg production, egg mass, feed consumption, and feed 
conversion from 18 to 38 wk of age were not affected by dietary 
energy and protein levels used for pullets during   8 to 18 wk of age. 
Similarly, egg weight and egg size during 20 to 38 wk of age were not 
influenced by diet energy and protein levels fed to the birds during 8 
to 18 wk of age. Keshavarz (1998) investigated in another experiment 
the effect of two dietary levels of energy (2,816 vs 3,036 kcal ME/kg), 
two dietary protein sequence (22, 18, and 17% vs 18, 16, and 14% that 
were used during 0 to 6, 6 to 12, and 12 to 18 week of age), and two 
light regimens (short-day vs step-down) for the White Leghorn pullets 
during the growing period. He concluded that body weight was not 
influenced by dietary energy levels during the growing period. On the 
other hand, body weight was consistently greater throughout the 
experiment (growing and laying periods) for birds fed high protein 
sequence during the growing period. Egg production from 22 to 66 wk 
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of age was not influenced by energy or protein levels during the 
growing period. The only exception was for egg production from 34 to 
38 wk of age, which was lower for hens fed high protein sequence 
during the growing period. Egg weight was not influenced by neither 
energy nor protein levels during the growing period.    
  The information pertaining to the effect of dietary levels of 
energy and protein during the growing period on pullet growth and 
subsequent production performance in arid hot climate regions of the 
world, such as that prevailing in Sudan was very scarce. The objective 
of the present study was to evaluate the effect of varying energy and 
protein levels during the growing period on subsequent egg 
production performance of white Leghorn pullets raised under Sudan 
conditions.  
5.2 Materials and methods 
5. 2.1 Experimental birds housing and management 
Birds housing and management are presented in Chapter three. 
5.2.2 Laying performance 
Hen-day egg production was recorded. A sample of 15 eggs 
from each group of hens were collected at 22, 24, and thereafter every 
month interval for measuring egg quality. 
5.2.2.1 Parameters during production period 
Average body weight, average body weight gain, and feed 
consumption were recorded weekly throughout the trial. Egg 
production was recorded daily. Egg traits were measured and FCR 
was calculated from the daily feed consumption and the egg mass. 
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Egg mass was calculated by multiplying egg weight by hen-day egg 
production. 
5.2.2.2 Egg production and egg characteristics 
Egg production on a daily basis was calculated in hen-day 
production throughout the laying period. Fifteen eggs from each 
treatment were collected at the end of week 22, 24, and thereafter 
every four weeks up to 64 wk of age for measurements of egg weight, 
egg mass, albumen height to calculate Haugh unit for internal egg 
characteristics. Yolk index and shape index were calculated. At first 
egg weight was recorded by sensitive electronic scale. The length and 
width of egg were determined by vernier caliper and their shape index 
was determined. The formula used to calculate the shape index as 
follows:  
Egg shape index =   (Width of egg/Length of egg) × 100 
The eggs were broken out and the maximum albumen heights 
were measured from at least three places in each egg with vernier 
caliper. The height and yolk diameter were measured using vernier 
caliper. Yolk index was calculated according to the following formula: 
Yolk index (%) = (Yolk height/Yolk diameter) × 100 
Individual Haugh unit (Haugh, 1937) score was calculated 
using the egg weight and albumen height (Doyon et al., 1986). The 
Haugh unit values were calculated for individual egg using the 
following formula: 
   HU= 100 log (H+7.57-1.7W0.37) 
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Where; 
HU = Haugh unit 
H = Observed height of albumen (mm) 
W = Weight of egg (g) 
The yolk was then weighed and the weight of albumen was 
calculated by the difference in egg weight after the yolk and shell 
weights were recorded by subtraction. Shells were weighed using 
digital balance after sun-dried for two hours. Egg-shell thickness was 
measured in a mean value of 3 locations on the egg (air cell, equator, 
and sharp end) using a micrometer. 
5.2.3 Mortality 
Mortality was recorded as it occurred. 
5.3 Results 
5.3.1 The effect of dietary protein and energy levels during the 
growing period on hen-day egg production (22 to 36 wk of 
age) 
Hen-day egg production from 22 to 36 wk of age was 
influenced significantly (P ≤ 0.01) by dietary protein levels fed to the 
birds during the growing period (Table 5.1). Diets of higher protein 
levels (P2 and P3) fed to the birds had the highest percentages of hen-
day egg production (22 to 36 wk of age). Pullets fed the low protein 
level (P1) had the lowest hen-day egg production compared to those 
fed P2 and P3 (P ≤ 0.01).  
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Hen-day egg production from 22 to 36 wk of age was 
influenced significantly (P ≤ 0.01) by age (Table 5.1). Hen-day egg 
production of birds at (28 to 36 wk of age) was greater than those       
at (22 and 24 wk of age). Egg production was significantly greater     
(P ≤ 0.01) for birds at 24 wk of age than those at 22 wk of age. There 
was interaction (P ≤ 0.01) between protein levels fed to the birds 
during the growing period and age from 22 to 36 wk of age. With 
higher dietary protein levels (P2 and P3) the egg production increased 
with advanced age up to 32 wk of age. Hen-day egg production from 
(22 to 36 wk of age) was not influenced by dietary energy used during 
the growing period (Table 5.2). There was no significant interaction 
between dietary energy levels fed to the pullets and age (22 to 36 wk 
of age) for the egg production (Table 5.2). 
5.3.2 The interaction effect of dietary protein and energy levels 
during the growing period on hen-day egg production (22 to 
36 wk of age) 
Table 5.3 shows the interaction effect of protein and energy 
levels fed to the pullets during the growing period on hen-day egg 
production. There was no interaction effect between protein and 
energy levels during the growing period on hen-day egg production. 
The highest percentage of hen-day egg production for (22 to 36 wk of 
age) was observed with birds fed P2E3 diet during the growing period. 
Figures 5.1, 5.2, and 5.3 show the effect of dietary energy levels with 
low protein level (P1), medium protein level (P2), and high protein 
level (P3) during the growing period on hen-day egg production (22 to 
36 wk of age), respectively. 
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Table 5.1 The effect of protein levels during the growing period 
and age on hen-day egg production (22 to 36 wk of age) 
 
Treatment Hen-day egg production (%) Protein (%) Age (weeks) 
P1 16-14-13 22 6.8 
 24 38.3 
 28 72.5 
 32 68.0 
 36 64.7 
P2 18-16-15 22 14.7 
 24 56.0 
 28 68.7 
 32 74.4 
 36 66.9 
P3 20-18-17 22 27.3 
 24 60.3 
 28 68.9 
 32 71.7 
 36 65.7 
SEM  3.29 
Protein effect  ** 
P1  50.1B 
P2  56.1A 
P3  58.8A 
Age effect  ** 
22  16.3C 
24  51.5B 
28  70.0A 
32  71.3A 
36  65.8A 
Protein × Age  ** 
A-CMeans in a column and treatment variable with no common 
superscript differ significantly (P ≤ 0.01). 
**P ≤ 0.01. 
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Table 5.2 The effect of energy levels during the growing period 
and age on hen-day egg production (22 to 36 wk of age) 
 
Treatment Hen-day egg production 
(%) Energy (kcal/kg) Age (weeks) 
 22 15.1 
 24 58.9 
E1 2650-2650-2700 28 67.1 
 32 66.9 
 36 63.2 
 22 16.0 
 24 44.4 
E2 2850-2850-2900 28 71.3 
 32 72.5 
 36 68.4 
 22 17.7 
 24 51.2 
E3 3050-3050-3100 28 71.8 
 32 74.6 
 36 66.0 
SEM  3.29 
Energy effect  NS 
E1  54.2 
E2  54.5 
E3  56.3 
Energy × Age  NS 
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Table 5.3 The interaction effect of protein and energy levels 
during the growing period on hen-day egg production 
(22 to 36 wk of age) 
 
Treatment Hen-day egg production 
(%) Protein level Energy level 
 E1 51.3 
P1 E2 49.8 
 E3 49.1 
 E1 52.2 
P2 E2 54.7 
 E3 61.6 
 E1 59.1 
P3 E2 59.0 
 E3 58.2 
SEM  2.55 
Protein × Energy  NS 
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Fig 5.1 The effect of low protein level (P1) and energy levels 
during the growing period on hen-day egg production 
(22 to 36 wk of age) 
 
 
 
 
 
 
  75
Weeks of age
3632282422
H
e
n
-d
a
y
 e
g
g
 p
ro
d
u
c
ti
o
n
 (
%
)
100.00
80.00
60.00
40.00
20.00
0.00
3
2
1
Energy
at Protein = 2
 
Fig. 5.2 The effect of medium protein level (P2) and energy levels 
during the growing period on hen-day egg production 
(22 to 36 wk of age)  
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Fig 5.3 The effect of high protein level (P3) and energy levels 
during the growing period on hen-day egg production 
(22 to 36 wk of age) 
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5.3.3 The effect of dietary protein levels during the growing period 
on feed consumption, feed conversion, and egg 
characteristics (22 to 36 wk of age) 
             Egg (weight, length, and width) and feed consumption from 
22 to 36 wk of age were not influenced by dietary protein levels 
during the growing period (Table 5.4). Increasing the dietary protein 
levels (P2 and P3) improved significantly the feed conversion for hens 
during 22 to 36 wk of age compared to pullets fed the low protein 
level (P1) during the growing period (P ≤ 0.01). Egg mass was 
affected significantly (P ≤ 0.01) by dietary protein levels fed to the 
birds during the growing period. Table 5.4 shows that pullets fed the 
higher dietary protein levels (P2 and P3) had higher egg mass than 
those birds fed the lower dietary protein level (P1). The dietary protein 
level during the growing period has a significant (P ≤ 0.01) effect on 
egg shape index. The highest shape index was recorded for the 
medium protein level (P2) and there were no differences between the 
higher and lower protein levels (Table 5.4). 
Egg weight, egg mass, and egg width were influenced by age 
from 22 to 36 wk of age (P ≤ 0.01, Table 5.4). The heavy egg weight 
was recorded at 36 wk of age whereas no significant differences in 
egg weight were reported between the others ages. Likewise, the egg 
widths were affected by age from 22 to 36 wk of age.  
Egg mass were increased with advanced ages and that is 
because egg mass is a consequence of egg production, which was 
increased when the age advanced (Table 5.1). Egg length and shape 
index were not influenced by age during 22 to 36 wk of age.  
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Table 5.4 The effect of protein levels during the growing period on feed consumption, feed conversion and egg 
characteristics (22 to 36 wk of age) 
Treatment Egg weight 
(g) Egg mass(g) 
Feed consumption 
(g/hen/day) 
Egg Length 
(mm) 
Egg width 
(mm) Shape index 
Feed conversion 
(g:g) Protein level Age (weeks) 
P1 22 50.0 3.4 93.9 54.4 41.0 75.4 43.7 
 24 51.8 20.0 93.1 55.3 41.1 74.4 5.3 
 28 51.0 37.0 87.8 54.1 41.2 76.1 2.4 
 32 53.0 36.0 101.3 54.6 41.9 76.7 2.9 
 36 53.4 34.6 110.8 55.8 42.4 76.1 3.3 
P2 22 52.0 7.5 91.2 55.1 41.7 75.8 14.0 
 24 51.4 28.7 95.2 53.7 41.3 76.9 3.5 
 28 54.2 37.3 87.2 55.1 42.0 76.3 2.5 
 32 51.0 38.0 107.1 54.3 41.0 75.5 2.8 
 36 57.8 38.6 107.9 53.8 42.6 79.9 2.8 
P3 22 51.1 13.9 96.9 55.0 41.0 74.7 8.3 
 24 51.0 30.6 99.1 54.3 40.9 75.4 3.3 
 28 51.6 35.6 87.3 55.8 41.6 74.8 2.5 
 32 52.4 37.4 102.3 54.9 41.4 75.5 2.8 
 36 53.1 34.8 107.5 56.0 42.1 75.3 3.1 
SEM  1.23 1.83 2.52 0.66 0.34 0.83 3.60 
Protein effect  NS ** NS NS NS ** ** 
P1  51.9 26.2B 97.4 54.8 41.5 75.7B 11.5B 
P2  53.3 30.0A 97.2 54.4 41.7 76.9A 5.1A 
P3  51.8 30.5A 98.6 55.2 41.4 75.1B 4.0A 
Age effect  ** ** ** NS ** NS ** 
22  51.1B 8.3C 94.0C 54.8 41.2B 75.3 22.0B 
24  51.4B 26.4B 95.8C 54.4 41.1B 75.6 4.0A 
28  52.3B 36.6A 87.4D 55.0 41.6B 75.7 2.5A 
32  52.1B 37.2A 103.6B 54.6 41.4B 75.9 2.8A 
36  54.8A 36.0A 108.8A 55.2 42.4A 77.1 3.1A 
Protein × Age  NS * NS NS NS NS ** 
A-DMeans in a column and treatment variable with no common superscript differ significantly (P ≤ 0.01). *P ≤ 0.05.; **P ≤ 0.01. 
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Feed consumption was increased (P ≤ 0.01) from 22 to 36 wk of 
age. Feed conversion was significantly improved (P ≤ 0.01) from 24 
to 36 wk of age.  
The interaction between protein and age for the egg mass was 
significant (P ≤ 0.05). With advanced age the egg mass was increased 
due to the use of high dietary protein level during the growing period.  
5.3.4 The effect of dietary energy levels during the growing period 
on feed consumption, feed conversion, and egg 
characteristics (22 to 36 wk of age) 
Egg weight, mass, length and width, and shape index and feed 
conversion during 22 to 36 wk of age were not influenced by dietary 
energy levels during the growing period (Table 5.5). Table 5.5 shows 
that feed consumption was influenced by energy level during the 
growing period (P ≤ 0.01). Birds fed diets containing the lowest 
energy level (E1) consumed significantly (P≤ 0.01) more feed than the 
medium energy level (E2). Table 5.5 shows that birds fed the highest 
energy level (E3) consumed more feed (P ≤ 0.01) than those birds fed 
medium energy levels (E2). These variations on feed consumption 
disappeared during the period of 40 to 64 wk of age (Table 6.2), 
because factors caused the variations of feed consumption from 22 to 
36 wk of age were also disappeared.  
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Table 5.5 The effect of energy levels during the growing period on feed consumption, feed conversion and egg 
characteristics (22 to 36 wk of age) 
 
Treatment Egg weight 
(g) 
Egg mass 
(g) 
Feed 
consumption 
(g/hen/day) 
Egg Length 
(mm) 
Egg width 
(mm) Shape index 
Feed 
conversion 
(g:g) Energy level Age (weeks) 
E1 22 52.7 7.8 95.0 55.2 41.5 75.1 18.9 
 24 53.1 30.9 96.3 55.3 41.4 74.9 3.2 
 28 53.7 36.0 88.9 55.4 41.8 75.5 2.6 
 32 51.3 34.2 106.1 54.2 41.3 76.1 3.2 
 36 55.8 35.1 108.1 53.5 42.7 80.5 3.1 
E2 22 50.9 8.1 90.4 54.5 41.3 75.7 15.6 
 24 50.2 22.3 90.6 54.2 40.7 75.1 4.5 
 28 50.1 36.6 84.4 53.9 41.3 76.7 2.4 
 32 51.9 37.6 98.1 55.0 41.4 75.3 2.6 
 36 54.6 37.2 107.4 56.4 42.2 74.9 2.9 
E3 22 49.6 8.8 96.6 54.7 41.0 75.0 31.5 
 24 51.0 26.1 100.5 53.8 41.3 76.8 4.5 
 28 52.1 37.3 88.9 55.9 41.7 74.9 2.4 
 32 53.2 39.7 106.5 54.7 41.7 76.3 2.7 
 36 53.9 35.7 110.7 55.7 42.2 75.9 3.1 
SEM  1.23 1.83 2.52 0.66 0.34 0.83 3.6 
Energy effect  NS NS ** NS NS NS NS 
E1  53.3 28.8 98.9A 54.7 41.7 76.4 6.2 
E2  51.7 28.4 94.2B 54.8 41.4 75.5 5.6 
E3  52.0 29.5 100.6A 55.0 41.6 75.8 8.8 
Energy × Age  NS NS NS * NS ** NS 
A,BMeans in a column and treatment variable with no common superscript differ significantly (P ≤ 0.01). 
*P ≤ 0.05; **P ≤ 0.01. 
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5.3.5 The interaction effect of dietary protein and energy levels 
during the growing period on feed consumption, feed 
conversion, and egg characteristics (22 to 36 wk of age) 
There was no interaction between protein and energy during the 
growing period for egg weight, mass, and length and feed conversion 
from 22 to 36 wk of age (Table 5.6). The highest egg weight recorded 
with P2E1 combination between protein and energy followed by P2E3 
and the lowest one was observed with P2E2. The highest egg mass 
was recorded with P2E3 and the lowest one was observed with P1E3. 
There was interaction between energy and protein levels during the 
growing period for the feed consumption (P ≤ 0.01) during 22 to 36 
wk of age (Table 5.3). With increasing the energy level from E2 to E3 
the feed consumption increased with increasing levels of protein. The 
dietary protein and energy levels fed to the birds during the growing 
period had interaction for the egg width. Increasing the energy level 
from E2 to E3 egg width increased with increasing levels of protein.    
5.3.6 The effect of dietary protein levels during the growing period 
on internal egg characteristics (22 to 36 wk of age) 
The internal egg characteristics from 22 to 36 wk of age were 
not influenced by dietary protein levels fed to the birds during the 
growing period. The only parameter affected was yolk weight, which 
was significantly (P ≤ 0.05) higher for the birds fed the medium 
dietary protein level (P2) than those fed others levels (Table 5.7). All
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Table 5.6 The effect of protein and energy levels during the growing period on feed consumption, feed 
conversion and egg characteristics (22 to 36 wk of age) 
 
Treatment Egg weight 
(g) 
Egg mass 
(g) 
Feed 
consumption 
(g/hen/day) 
Egg Length 
(mm) 
Egg width 
(mm) Shape index 
Feed 
conversion 
(g:g) Protein level Energy level 
P1 E1 51.8 26.7 97.8 55.2 41.4 75.0 9.2 
 E2 51.9 26.1 97.1 54.2 41.5 76.6 7.7 
 E3 51.9 25.8 97.2 55.1 41.7 75.6 17.7 
P2 E1 56.2 29.1 99.1 53.9 42.5 79.3 5.5 
 E2 51.6 28.5 90.6 54.9 41.2 75.2 5.2 
 E3 52.1 32.5 103.4 54.5 41.4 76.2 4.6 
P3 E1 51.9 30.6 99.6 55.0 41.3 75.0 3.9 
 E2 51.7 30.5 94.8 55.3 41.4 74.8 3.9 
 E3 51.9 30.3 101.4 55.2 41.6 75.5 4.2 
SEM  0.95 1.42 1.95 0.51 0.27 0.64 2.37 
Protein × Energy  NS NS * NS * ** NS 
*P ≤ 0.05. 
**P ≤ 0.01. 
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Table 5.7 The effect of protein levels during the growing period and age on internal egg characteristics (22 to 36 wk of age) 
Treatment Albumen wt 
(g) 
Albumen height 
(mm) 
Yolk wt 
(g) 
Yolk height 
(mm) 
Yolk width 
(mm) Yolk index Haugh unit Protein level Age (weeks) 
P1 22 29.0 7.5 14.6 12.4 43.4 29.0 89.1 
 24 32.7 7.0 12.7 13.3 39.7 33.5 85.3 
 28 32.6 7.4 12.2 13.3 39.9 33.4 87.8 
 32 32.8 9.0 13.9 16.6 40.2 41.4 95.8 
 36 30.2 10 15.6 18.8 40.9 46.1 100.2 
P2 22 30.1 7.2 15.8 12.3 43.3 28.5 86.8 
 24 32.3 6.8 12.9 11.9 39.6 30.0 84.8 
 28 34.0 7.6 13.5 12.4 40.5 30.6 87.9 
 32 31.1 8.9 13.8 17.4 39.7 43.9 96.1 
 36 33.6 9.3 17.2 18.8 41.8 45.0 96.4 
P3 22 32.9 6.4 12.2 12.9 40.2 32.1 82.4 
 24 31.8 6.6 12.8 12.9 40.1 32.0 83.1 
 28 31.5 6.9 13.9 14.3 41.3 34.8 84.6 
 32 32.3 8.4 14.0 16.8 40.8 41.2 93.1 
 36 32.0 9.8 14.4 18.9 40.4 45.1 99.9 
SEM  1.12 0.41 0.61 0.72 0.68 1.94 2.18 
Protein effect  NS NS * NS NS NS NS 
P1  31.5 8.2 13.8b 14.9 40.8 36.7 91.6 
P2  32.2 8.0 14.6a 14.6 41.0 35.6 90.4 
P3  32.1 7.6 13.5b 15.0 40.6 37.0 88.6 
Age effect  NS ** ** ** ** ** ** 
22  30.6 7.0C 14.2B 12.5C 42.3A 29.8C 86.1C 
24  32.3 6.8C 12.8C 12.7C 39.8C 31.8C 84.4C 
28  32.7 7.3C 13.2BC 13.3C 40.6BC 32.9C 86.8C 
32  32.1 8.8B 13.9B 17.0B 40.3BC 42.2B 95.0B 
36  31.9 9.7A 15.7A 18.6A 41.0B 45.4A 98.8A 
Protein × Age  NS NS * NS * NS NS 
A-CMeans in a column and treatment variable with no common superscript differ significantly (P ≤ 0.01). 
a,bMeans in a column and treatment variable with no common superscript differ significantly (P ≤ 0.05). *P ≤ 0.05.; **P ≤ 0.01;  
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of the internal egg characteristics shown in Table 5.7 were 
significantly (P≤ 0.01) affected by age (22 to 36 wk). The only 
exception was the albumen weight which was not influenced by age. 
Haugh unit values improved from 22 to 36 week of age scoring the 
highest value (98.8) at 36 week of age. Similarly albumen height 
increased with advanced age from 22 to 36 week of age. Yolk weight 
and yolk height were consistently increased with advanced age. The 
interaction between protein level and age was not significant (P≤ 0.05) 
for all internal egg characteristics except for yolk weight and yolk 
width. With P1 and P2 dietary levels of protein during the growing 
period the yolk weight decreased and thereafter gradually increased 
with advanced age from 22 to 36 wk of age.    
5.3.7 The effect of dietary energy levels during the growing period 
on internal egg characteristics (22 to 36 wk of age) 
Table 5.8 shows that the internal egg characteristics (22 to 36 
wk of age) were not significantly influenced by dietary energy levels 
fed to the birds during the growing period (P ≤ 0.05). Age effect was 
significant (P ≤ 0.01) for all internal egg characteristics except 
albumen weight, which was not affected by age from 22 to 36 weeks. 
These parameters improved with age reaching highest value at 36 
week of age. There was no interaction effect of between energy and 
age on all parameters measured (P ≤ 0.01).   
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Table 5.8 The effect of energy levels during the growing period and age on internal egg characteristics (22 to 36 wk of age). 
Treatment Albumen wt  (g) Albumen height (mm) Yolk wt (g) Yolk height (mm) Yolk width (mm) Yolk index Haugh unit Energy level Age (weeks) 
E1 22 31.4 7.3 14.9 12.7 14.9 30.0 87.2 
 24 33.3 7.2 13.1 12.2 13.1 30.6 86.3 
 28 33.7 7.0 13.6 13.5 13.6 33.2 85.0 
 32 31.3 8.5 13.7 16.5 13.7 41.4 94.2 
 36 32.3 9.3 16.3 18.6 16.3 45.8 96.9 
E2 22 31.2 7.1 13.4 12.2 13.4 29.5 87.0 
 24 32.0 6.9 12.1 12.7 12.1 32.5 85.6 
 28 31.1 7.5 13.7 13.8 13.7 34.1 88.9 
 32 31.6 8.7 14.3 17.4 14.3 43.2 94.2 
 36 32.5 10.2 14.8 18.9 14.8 45.3 100.7 
E3 22 29.3 6.7 14.3 12.6 14.3 30.0 84.2 
 24 31.5 6.3 13.3 13.1 13.3 32.4 81.2 
 28 33.2 7.2 12.3 12.6 12.3 31.4 86.5 
 32 33.4 9.1 13.6 17.0 13.6 42.0 96.6 
 36 31.0 9.7 16.1 18.4 16.1 45.1 98.9 
SEM  1.12 0.41 0.62 0.72 0.62 1.94 2.18 
Energy effect  NS NS NS NS NS NS NS 
E1  32.4 7.9 14.3 14.7 40.8 36.2 89.9 
E2  31.7 8.1 13.7 15.0 40.7 36.9 91.3 
E3  31.7 7.8 13.9 14.7 40.9 36.2 89.5 
Age effect  NS ** ** ** ** ** ** 
22  30.6 7.0C 14.2B 12.5C 42.3A 29.8C 86.1C 
24  32.3 6.8C 12.8C 12.7C 39.8C 31.8C 84.4C 
28  32.7 7.3C 13.2BC 13.3C 40.6BC 32.9C 86.8C 
32  32.1 8.8B 13.9B 17.0B 40.3BC 42.2B 95.0B 
36  31.9 9.7A 15.7A 18.6A 41.0B 45.4A 98.8A 
Energy × Age  NS NS NS NS NS NS NS 
A-CMeans in a column and treatment variable with no common superscript differ significantly (P ≤ 0.01). *P ≤ 0.05. **P ≤ 0.01. 
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5.3.8 The interaction effect of dietary protein and energy levels 
during the growing period on internal egg characteristics 
(22 to 36 wk of age) 
Table 5.9 shows the effect of dietary protein and energy levels 
during the growing period on internal egg characteristics from 22 to 
36 wk of age. There was an interaction between protein and energy for 
yolk weight and height and Haugh unit (P ≤ 0.05, Table 5.9). With 
dietary levels of protein (P1 and P3) the Haugh unit decreased when 
dietary energy concentration increased. However, the Haugh unit 
increased when the dietary energy concentration increased for the 
medium protein level (P2). The highest Haugh unit was recorded with 
P1E1 followed by P2E3 diets. With both higher energy levels E2 and 
E3 the yolk height increased due to increased protein levels from P2 to 
P3. Also, with high levels of protein from P2 to P3, the yolk weight 
decreased due to increasing the energy level from E2 to E3. 
5.4 Discussion 
In the present study hen-day egg production from 22 to 36 week 
of age was affected significantly (P ≤ 0.01) by dietary protein levels 
used during the growing period and hen age. Diets of higher protein 
levels (P2 and P3) had the highest hen-day egg production. These 
results disagree with the findings of Keshavarz (1998), who reported 
that egg production was not influenced by protein levels fed to the 
birds during the growing period. The only exceptions were egg 
production from 18 to 22 wk of age, which was greater for birds fed 
the high protein sequence, and from 34 to 38 wk of age, which was 
lower for birds fed the high protein sequence during the growing 
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Table 5.9 The effect of protein and energy levels during the growing period on internal egg characteristics (22 to 36 wk of age) 
 
Treatment Albumen wt 
(g) 
Albumen 
height 
(mm) 
Yolk wt 
(g) 
Yolk height 
(mm) 
Yolk width 
(mm) Yolk index Haugh unit Protein level Energy level 
P1 E1 30.9 8.5 14.0 15.0 41.1 36.6 93.6 
 E2 32.0 8.2 13.5 14.5 40.2 36.2 91.9 
 E3 31.5 7.8 14.0 15.2 41.2 37.3 89.4 
P2 E1 33.8 7.3 16.0 15.3 41.2 37.3 86.2 
 E2 31.2 8.3 13.8 14.6 41.0 35.7 92.2 
 E3 31.7 8.4 14.0 13.7 40.7 33.8 92.9 
P3 E1 32.6 7.8 13.0 13.9 40.0 34.7 90.0 
 E2 31.9 7.8 13.7 15.9 40.8 38.9 89.7 
 E3 31.8 7.3 13.7 15.3 40.9 37.5 86.2 
SEM  0.87 0.32 0.48 0.56 0.53 1.50 1.69 
Protein × Energy  NS NS * * NS NS * 
*P ≤ 0.05. 
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period. The results of the current study are in line with those findings 
of Nahashon et al. (2007), who reported that the hen-day egg 
production was higher for birds fed higher protein levels 22 and 24% 
than those fed 20% crude protein diets used during the 0 to 8 wk of 
age. As noted earlier in Table 4.2, birds fed P2 and P3 exhibited 
higher body weight during the growing period than on lower protein 
level P1. Leeson et al. (1997) reported that regardless of strain, pullets 
with smaller body weight matured more slowly and produced less 
total egg mass to 70 wk of age. Cheng et al. (1991) reported that birds 
with heavier body weights at 20 week of age had better laying 
performance than birds with lighter body weights (P < 0.05). Hen-day 
egg production had significantly positive correlation (P ≤ 0.05) with 
egg mass (0.96) (Nahashon et al., 2007).  
Hen-day egg production was not influenced by dietary energy 
used during the growing period. Keshavarz (1998) revealed that the 
egg production was not influenced by energy levels (2,816 vs 3,036 
kcal of ME/kg of diet) fed to the birds during the growing period, and 
no interaction effect was recorded between energy and protein levels, 
which is concur with the current study. 
Although, egg weight was not affected by dietary protein level 
during the growing period in this study, the egg mass in contrast was 
significantly influenced by dietary protein levels during the growing 
period. These results may be due to the hen-day egg production from 
22 to 36 wk of age which was influenced (P ≤ 0.01) by protein levels 
during the growing period (Table 5.1). These results are in line with 
the findings of Hussein et al. (1996) who stated that egg weight during 
the first 16 weeks following the photo stimulation was not influenced 
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by protein levels during the growing period when using 13.5, 15.8, 
and 18.9% for increasing protein treatment; 15.8, 15.8, and 15.8% for 
constant protein treatment; and 18.9, 15.8, and 13.5% from 2 to 6, 7 to 
14, and 15 to 18 week of age, respectively. 
There was reduction in feed intake during the early stage of egg 
production. This reduction is a normal phenomenon which happens as 
pullets approach the onset of egg and at the second stage of sexual 
maturity, so body reserves (body weight) are very important for the 
pullets coming into production. Nutrient intake at that time will not be 
probably sufficient to meet the needs for maintenance and egg 
production, especially if birds are coming into production in hot 
weather when where feed intake will be further reduced by high 
environmental temperature. 
The high value of feed conversion ratio at 22 wk of age was due 
to the low egg production by which the feed conversion has been 
calculated. 
These results are coinciding with the finding of Keshavarz 
(1998) who revealed that egg weight during 22 to 38 wk of age was 
not influenced by protein level fed to the birds during the growing 
period. He also reported that feed consumption during 18 to 38 wk of 
age was not influenced by protein levels fed to the birds during the 
growing period. The results of the current study pertaining to the 
effect of dietary protein levels on egg mass and feed conversion 
during 22 to 36 wk of age are conflicting with Keshavarz (1998) who 
reported that egg mass and feed conversion were not influenced by 
dietary protein level during the growing period. The effect of protein 
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on egg mass might be attributed to the egg production which was 
influenced by dietary protein levels. This will consequently affect the 
egg mass because it has been calculated using the egg production and 
egg weight. 
Egg weight, mass, length and width, and shape index and feed 
conversion during 22 to 36 week of age were not affected by dietary 
energy levels used during the growing period. Birds fed diets 
containing the lowest energy level (E1) consumed more feed than 
those fed medium energy level (E2). Although, all birds fed during the 
laying period isoenergetic and isonitrogenous, which presented in 
Table 3.4 and no variations of feed consumption were expected, but 
that was may be due to the variation between weights of birds (Table 
4.2) and the needs of more diet to fulfil their genetic potential weights 
that were not scored during the growing period. Previous report of 
Golian and Maurice (1992) and Leeson et al. (1993) that birds 
consume feed to meet their energy requirement. When birds fed high 
energy diets, often due to high fat content, the passage rate of the 
digesta through the intestinal tract will be reduced and consequently 
the feed intake will be reduced (Sturkie, 1990). Veldkamp et al. 
(2005) reported that feed consumption decreased linearly as dietary 
energy increased. Table 5.5 shows that birds fed the highest energy 
level (E3) consumed more feed (P ≤ 0.01) than those birds fed 
medium energy levels (E2). These results contrast with suggestions of 
Golian and Maurice (1992), and that may be due to the harmful 
weather effect from July to November of 2006 (Appendix 2). These 
variations on feed consumption disappeared during the period of 40 to 
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64 wk of age (Table 6.5), because factors caused the variations of feed 
consumption from 22 to 36 wk of age were also disappeared. 
The results concerning egg traits are consistent with results 
reported by Keshavarz (1998) who revealed that egg weight from 22 
to 38 wk of age was not influenced by dietary energy (2,816 vs 3,036 
kcal ME/kg) fed to the birds during the growing period. He also 
reported that egg mass and feed conversions from 18 to 38 wk of age 
were not affected by dietary energy levels used during the growing 
period. These findings also agree with those of Hussein et al. (1996) 
who reported that egg weight and feed conversion during the first 16 
weeks following the photo stimulation were not influenced by dietary 
energy (3.09 vs 2.78 Mcal AMEn/kg) used during the growing period. 
The information provided by this experiment indicates that there was 
no interaction between protein and energy during the growing period 
for egg weight, mass, and length and feed conversion from 22 to 36 
wk of age (Table 5.6). Although, the combination P2E3 was not 
observed as the one gave the highest egg weight but had the highest 
egg mass and that is because of its highest hen-day egg production (22 
to 36 wk of age). 
Based on this study, feeding the higher protein levels (P2 and 
P3) had the highest hen-day egg production and egg mass. Thus, it is 
very important to supply pullets with high protein levels during the 
growing period, because high protein level will give good body 
weight and consequently high percentage of egg production. Egg 
weight was not influenced by protein and energy levels used during 
the growing period. The best egg mass and egg production was 
observed with P2E3 diet. 
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CHAPTER SIX 
 
The Effect of Dietary Manipulations of Protein and Energy 
during the Growing Period of Egg-Type Pullets on  
Performance of Phase Two of Egg Production 
 
6.1 Introduction 
Growing and developing a good pullet is one of the most 
important items in ensuring success in egg production. There is           
a strong relationship between the pullet’s development during rearing 
and subsequent performance during the laying cycle. It is very 
important to have the Leghorn pullet reach the target weight, body 
composition and possibly age, at the onset of laying (Leeson et al. 
1991; Leeson and Caston 1991 and Summers et al., 1991). Keshavarz 
(1984) mentioned that, birds fed low- protein rearing regimen either 
18 and 12% protein for 0 to 6 and 6 to 20 weeks of age, respectively, 
or 18, 12, and 15% protein for 0 to 6, 6 to 18, and 18 to 20 weeks of 
age, respectively, were lighter at 20 weeks of age, consumed less feed, 
produced fewer eggs, slightly lighter weight eggs, and their age at 
50% production was delayed by 2 to 3 days compared to control fed 
birds. The pullets of the control group received a sequence of 18, 15, 
and 12% protein for 0 to 6, 6 to 14, and 14 to 20 weeks of age, 
respectively. Christmas et al. (1982) used layer-type pullet chicks to 
investigate the effect of low protein (9.1%) or high protein (15.4%) 
diet from 8 to 18 weeks of age on performance of laying hens. They 
reported that pullets fed the low protein grower diet had higher 
mortality during the growing period, greater feed intake during the 
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laying period, eggs with higher Haugh unit values, and reduced egg 
production in the laying house. Summers and Leeson (1994) reported 
that such low protein diets are deleterious to subsequent size of the 
egg. Many reports indicated that body weight of pullets at the age of 
housing was positively correlated with egg weight during the egg 
production cycle (Summers and Leeson, 1983 and Keshavarz, 1995). 
Keshavarz (1998) investigated the effect of two dietary levels of 
energy (2,816 vs 3,036 kcal ME/kg), two dietary protein sequence (22, 
18, and 17% vs 18, 16, and 14% that were used during 0 to 6, 6 to 12, 
and 12 to 18 week of age), and two light regimens (short-day vs step-
down) for the White Leghorn pullets during the growing period. The 
auther concluded that body weight was not influenced by dietary 
energy levels during the growing period. On the other hand body 
weight was consistently greater throughout the experiment (growing 
and laying periods) for birds fed high protein sequence during the 
growing period. Egg production from 38 to 66 and from 18 to 66 week 
of age was not influenced by energy or protein levels during the 
growing period. Doran et al. (1983) compared four egg-type pullet 
feeding systems for the production of egg-type pullets. The dietary 
regimens consisted of either a step-down protein, high energy feeding 
program; a step-down protein, low energy program; a step-up protein, 
high energy program; or a step-up protein, low energy program. They 
reported that body weights at 140 days of age were 1.17 and 1.09 kg 
for step-down and step-up feeding programs, respectively. The larger 
egg size were noted in hens grown on the step-down protein feeding 
program. Cheng et al. (1991) mentioned that birds with heavier weight 
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at 20 weeks of age had better laying performance (20 to 64 weeks of 
age) than birds with lighter body weights. 
The information about the effect of dietary levels of energy and 
protein during the growing period on pullet growth and subsequent 
production performance in arid hot climate regions of the world, such 
as that prevailing in Sudan was very scarce. The objective of the 
present study was to evaluate the effect of varying energy and protein 
levels during the growing period on performance of phase two and 
entire period of egg production of white Leghorn pullets raised under 
Sudan conditions. 
6.2 Materials and methods 
6. 2.1 Experimental birds housing and management 
Birds housing and management are presented in Chapter three.  
6.2.2 Production parameters and egg quality  
The parameters and traits measured are the same as those 
described in Chapter five. 
6.3 Results 
6.3.1 The effect of dietary protein and energy levels during the 
growing period on hen-day egg production (40 to 64 wk of 
age) 
Table 6.1 shows that hen-day egg production from (40 to 64 wk 
of age) was not influenced by protein levels fed to the birds during the 
growing period. Hen-day egg production was affected significantly    
(P ≤ 0.01) by age (40 to 64 wk of age) (Table 6.1). Egg production 
declined when age advanced from 40 to 52 wk of age. Thereafter, egg 
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production was increased from 56 to 64 wk of age (P ≤ 0.01). There is 
an important point concerning the egg production that is worth noting. 
Regardless of the experimental treatments, hen-day egg production 
percentages for 40 to 64 wk of age were higher than that during the 
period of 22 to 36 wk of age (Table 5.1 and Table 6.1). There was no 
interaction between dietary protein used during the growing period 
and age from 40 to 64 wk of age on hen-day egg production (Table 
6.1). 
Table 6.2 shows that there was no significant effect of dietary 
energy levels fed to the pullets during the growing period on hen-day 
egg production for the period of (40 to 64 wk of age). There was no 
interaction between dietary energy levels used during the growing 
period and age of birds from 40 to 64 wk of age on hen-day egg 
production (Table 6.2).  
6.3.2 The interaction effect of dietary protein and energy levels 
during the growing period on hen-day egg production (40 to 
64 wk of age)  
Table 6.3 shows that there was interaction (P ≤ 0.01) between 
dietary protein and energy levels used during the growing period on 
hen-day egg production (40 to 64 wk of age). The highest egg 
production was recorded for birds fed P2E3 diet followed by birds fed 
P2E2 diet and the lowest percentage of egg production was recorded 
for pullets fed P2E1. Figures 6.1, 6.2, and 6.3 show the effect of 
dietary energy levels with low protein level (P1), medium protein 
level (P2), and high protein level (P3) during the growing period on 
hen-day egg production (40 to 64 wk of age), respectively. 
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Table 6.1 The effect of protein levels during the growing period and age 
on hen-day egg production (40 to 64 wk of age) 
 
Treatment Hen-day egg production 
(%) Protein (%) Age (weeks) 
 40 73.0 
 44 62.8 
 48 68.9 
P1 16-14-13 52 60.3 
 56 73.2 
 60 76.9 
 64 68.1 
 40 71.6 
 44 71.7 
 48 69.9 
P2 18-16-15 52 62.9 
 56 72.4 
 60 71.3 
 64 69.3 
 40 67.2 
 44 59.5 
 48 69.2 
P3 20-18-17 52 54.5 
 56 69.5 
 60 74.4 
 64 72.5 
SEM  3.04 
Protein effect  NS 
P1  69.0 
P2  69.9 
P3  66.7 
Age effect  ** 
40  70.6A 
44  64.7B 
48  69.3AB 
52  59.2C 
56  71.6A 
60  74.2A 
64  70.0A 
Protein × Age  NS 
A-C Means in a column and treatment variable with no common superscript differ 
significantly (P ≤ 0.01). 
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Table 6.2 The effect of energy levels during the growing period and age on 
hen-day egg production (40 to 64 wk of age) 
 
Treatment 
Hen-day egg production (%) 
Energy (kcal/kg) Age (weeks) 
E1 2650-2650-2700 
40 71.2 
44 64.9 
48 68.3 
52 56.0 
56 66.9 
60 67.2 
64 71.6 
E2 2850-2850-2900 
40 69.0 
44 67.7 
48 71.1 
52 59.8 
56 72.3 
60 80.1 
64 69.7 
E3 3050-3050-3100 
40 71.5 
44 61.6 
48 68.6 
52 61.9 
56 75.9 
60 75.3 
64 68.6 
SEM  3.04 
Energy effect  NS 
E1  66.6 
E2  70.0 
E3  69.0 
Age effect  ** 
40  70.6A 
44  64.7B 
48  69.3AB 
52  59.2C 
56  71.6A 
60  74.2A 
64  70.0A 
Energy × Age  NS 
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Table 6.3 The interaction effect of protein and energy levels during the 
growing period on hen-day egg production (40 to 64 wk of 
age) 
 
Treatment Hen-day egg production (%) Protein level Energy level 
P1 
E1 69.9 
E2 69.9 
E3 67.2 
P2 
E1 62.2 
E2 73.1 
E3 74.3 
P3 
E1 67.6 
E2 66.8 
E3 65.6 
SEM  1.99 
Protein × Energy  ** 
 
**P ≤ 0.01 
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Fig 6.1 The effect of low protein level (P1) and energy levels 
during the growing period on hen-day egg production    
(40 to 64 wk of age) 
 
 
 
 
 
 
 
  100
Weeks of age
64605652484440
H
en
-d
ay
 e
g
g
 p
ro
d
u
ct
io
n
 (%
)
90.00
80.00
70.00
60.00
50.00
3
2
1
Energy
at Protein = 2
 
Fig 6.2 The effect of medium protein level (P2) and energy levels 
during the growing period on hen-day egg production    
(40 to 64 wk of age) 
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Fig 6.3 The effect of high protein level (P3) and energy levels 
during the growing period on hen-day egg production    
(40 to 64 wk of age) 
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6.3.3 The effect of dietary protein levels during the growing period 
on feed consumption, feed conversion, and egg 
characteristics (40 to 64 wk of age) 
Egg characteristics (egg length, egg width, shape index, egg 
weight, and egg mass) during 40 to 64 wk of age were not influenced 
by dietary protein levels fed to the birds during the growing period 
(Table 6.4). Similarly, feed consumption and feed conversion ratio 
during 40 to 64 wk of age were not influenced by protein levels used 
during the growing period. 
Egg weight and egg mass were significantly influenced (P ≤ 
0.01) by age factor at 40 to 64 wk of age. The highest egg weight was 
observed at 48, 52, and 64 wk of age. Egg weight at 48 and 52 wk of 
age were significantly different from those at 40, 56, and 60 wk of 
age. The best egg mass was recorded at 48, 56, 60, and 64 wk of age. 
Whereas the lowest egg mass was recorded at week 52. There was no 
protein by age interaction effect on feed consumption, feed 
conversion, and egg characteristics during 40 to 64 wk of age. The 
two parameters, which also significantly affected by age from 40 to 64 
wk of age were feed consumption (P ≤ 0.01) and feed conversion (P ≤ 
0.05). The highest feed intake was observed for birds at 40, 48, and 56 
wk of age. Whereas the lower feed consumed was recorded for birds 
at 44, 52, 60, and 64 wk of age. 
Egg characteristics during 40 to 64 wk of age were not 
influenced by dietary energy levels fed to the birds during the growing 
period (Table 6.5). Feed consumption and feed conversion ratio 
during 40 to 64 wk of age were also not influenced by energy levels 
used during the growing period. There was no interaction between 
energy levels fed during the growing period and age from 40 to 64 
weeks. 
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Table 6.4 The effect of protein levels during the growing period and age 
on feed consumption, feed conversion and egg 
characteristics (40 to 64 wk of age) 
 
Treatment Egg 
weight 
(g) 
Egg 
mass 
(g) 
Egg 
Length 
(mm) 
Egg 
width 
(mm) 
Shape 
index 
Feed 
conversion 
(g:g) 
Feed 
consumption 
(g/hen/day) 
Protein 
level 
Age 
(weeks) 
P1 
40 57.9 42.3 55.8 43.5 78.0 2.6 108.2 
44 59.2 37.4 57.7 42.8 74.3 3.0 103.1 
48 62.4 43.0 57.8 43.9 76.1 2.6 108.7 
52 62.2 37.5 58.5 44.1 75.4 2.7 99.1 
56 57.9 42.0 57.0 44.1 77.7 2.6 108.4 
60 57.1 43.9 58.0 43.9 75.6 2.3 97.8 
64 59.9 40.7 59.1 43.3 73.4 2.5 98.5 
P2 
40 58.3 41.7 57.0 42.9 75.3 2.6 108.7 
44 58.8 42.1 57.5 43.2 75.3 2.5 103.5 
48 61.9 43.2 55.9 43.7 79.1 2.5 105.0 
52 59.2 37.5 56.7 43.1 76.6 2.7 96.9 
56 57.8 41.8 57.3 42.8 74.8 2.5 103.5 
60 56.5 40.6 56.8 43.7 76.8 2.6 99.2 
64 59.6 41.2 57.6 43.2 75.0 2.5 100.5 
P3 
40 56.7 38.1 55.9 42.6 76.3 2.8 105.0 
44 58.3 34.8 57.9 42.5 73.4 3.0 99.6 
48 61.7 42.6 59.0 43.3 73.4 2.5 106.7 
52 61.8 33.7 59.4 43.4 73.1 3.0 98.9 
56 59.2 41.3 58.8 43.0 73.2 2.7 107.4 
60 57.6 42.6 56.8 44.6 78.6 2.4 100.6 
64 59.6 43.2 58.4 43.3 74.3 2.4 102.1 
SEM  1.51 2.0 1.0 0.72 1.53 0.17 2.36 
Protein 
effect  NS NS NS NS NS NS NS 
P1  59.5 41.0 57.7 43.7 75.8 2.6 103.4 
P2  58.9 41.1 57.0 43.2 76.1 2.6 102.5 
P3  59.2 39.5 58.0 43.2 74.6 2.7 102.9 
Age effect  ** ** NS NS NS * ** 
40  57.6C 40.7AB 56.2 43.0 76.5 2.7bcd 107.3A 
44  58.8BC 38.1BC 57.7 42.8 74.4 2.8d 102.1B 
48  62.0A 42.9A 57.6 43.6 76.2 2.5bc 106.8A 
52  61.1AB 36.2C 58.2 43.5 75.0 2.8cd 98.3B 
56  58.3C 41.7A 57.7 43.3 75.2 2.6bcd 106.4A 
60  57.1C 42.4A 57.2 44.0 77.0 2.4b 99.2B 
64  59.7ABC 41.7A 58.4 43.3 74.2 2.5a 100.4B 
Protein×Age  NS NS NS NS NS NS NS 
 
A-CMeans in a column and treatment variable with no common superscript differ significantly (P ≤ 
0.01). 
a-dMeans in a column and treatment variable with no common superscript differ significantly (P ≤ 
0.05). 
*P ≤ 0.05. **P ≤ 0.01. 
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Table 6.5 The effect of energy levels during the growing period on feed 
consumption, feed conversion and egg characteristics (40 to 
64 wk of age) 
 
Treatment Egg 
weight 
(g) 
Egg 
mass 
(g) 
Egg 
Length 
(mm) 
Egg 
width 
(mm) 
Shape 
index 
Feed 
conversion 
(g:g) 
Feed 
consumption
(g/hen/day) Energy level 
Age 
(weeks) 
E1 
40 57.3 40.7 56.3 42.7 75.8 2.6 107.0 
44 59.1 38.3 58.6 43.0 73.5 2.8 103.0 
48 62.5 42.6 58.4 43.7 74.8 2.6 109.3 
52 59.5 33.5 56.5 43.2 76.9 3.0 99.3 
56 58.4 39.0 57.6 43.1 74.9 2.8 106.6 
60 56.2 37.9 56.3 44.2 78.4 2.8 100.7 
64 60.6 43.3 59.3 43.6 73.8 2.4 101.2 
40 57.6 39.9 55.7 43.5 78.2 2.7 106.2 
E2 
44 57.7 39.2 57.1 42.4 74.3 2.8 101.5 
48 62.6 44.5 57.0 43.8 77.3 2.5 106.5 
52 61.3 36.5 58.5 43.8 74.9 2.7 97.7 
56 56.6 40.6 57.3 42.5 74.5 2.6 105.7 
60 56.9 45.4 57.1 42.6 74.6 2.2 97.1 
64 61.5 42.9 59.0 43.5 73.7 2.4 99.7 
E3 
40 57.8 41.5 56.6 42.8 75.6 2.7 108.7 
44 59.5 36.8 57.3 43.0 75.2 2.9 101.8 
48 60.9 41.7 57.2 43.4 76.5 2.5 104.6 
52 62.3 38.7 59.6 43.6 73.3 2.6 98.0 
56 59.9 45.6 58.5 44.4 76.3 2.4 106.9 
60 58.2 43.7 58.1 45.3 78.1 2.3 99.8 
64 57.0 39.0 56.9 42.7 75.1 2.6 100.3 
SEM  1.52 2.0 1.0 0.72 1.53 0.17 2.36 
Energy effect  NS NS NS NS NS NS NS 
E1  59.1 39.3 57.6 43.4 75.5 2.7 103.9 
E2  59.2 41.3 57.4 43.2 75.4 2.6 102.1 
E3  59.4 41.0 57.7 43.6 75.7 2.6 102.9 
Age effect  ** ** NS NS NS * ** 
40  57.6C 40.7AB 56.2 43.0 76.5 2.7bcd 107.3A 
44  58.8BC 38.1BC 57.7 42.8 74.4 2.8d 102.1B 
48  62.0A 42.9A 57.6 43.6 76.2 2.5bc 106.8A 
52  61.1AB 36.2C 58.2 43.5 75.0 2.8cd 98.3B 
56  58.3C 41.7A 57.7 43.3 75.2 2.6bcd 106.4A 
60  57.1C 42.3A 57.2 44.0 77.0 2.4b 99.2B 
64  59.7ABC 41.7A 58.4 43.3 74.2 2.5a 100.4B 
Energy×Age  NS NS NS NS NS NS NS 
 
A-C Means in a column and treatment variable with no common superscript differ significantly (P ≤ 
0.01). 
a-d Means in a column and treatment variable with no common superscript differ significantly (P ≤ 
0.05). 
*P ≤ 0.05. **P ≤ 0.01. 
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6.3.4 The interaction effect of dietary protein and energy levels 
during the growing period on feed consumption, feed 
conversion, and egg characteristics (40 to 64 wk of age) 
Table 6.6 summarizes the effect of dietary protein and energy 
levels used in the pullet growing period on their performance and egg 
characteristics during the period from 40 to 64 wk of age. There was 
an interaction between energy and protein levels for the egg mass (P ≤ 
0.05). Although, the egg weight of P2E3 combination was not the 
highest one but the best egg mass was recorded with P2E3 
combination between protein and energy. The interaction between 
protein and energy was significant for the feed consumption (P ≤ 0.01) 
and feed conversion (P ≤ 0.05). 
6.3.5 The effect of dietary protein levels during the growing period 
on internal egg characteristics (40 to 64 wk of age) 
Table 6.7 shows that albumen weight, and yolk (height, width, 
and index) from 40 to 64 wk of age were not influenced by protein 
levels fed to the birds during the growing period, whereas albumen 
height, yolk weight, and Haugh unit were significantly affected (P ≤ 
0.05) by protein levels used during the growing period. The greater 
albumen heights were observed for the medium and higher protein 
levels (P2 and P3) (P ≤ 0.05). Haugh unit (40 to 64 wk of age) was 
also influenced by protein levels fed to the pullets during the growing 
period (P ≤ 0.05). Protein levels fed to the birds during the growing 
period affected significantly (P ≤ 0.05) the yolk weight from 40 to 64 
wk of age. Birds fed highest protein level (P3) had greater yolk weight 
than those fed the medium protein level (P2), but not those fed the
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Table 6.6 The effect of protein and energy levels during the growing 
period on feed consumption, feed conversion and egg 
characteristics (40 to 64 wk of age) 
 
Treatment Egg 
weight 
(g) 
Egg 
mass 
(g) 
Egg 
Length 
(mm) 
Egg 
width 
(mm) 
Shape 
index 
Feed 
conversion 
(g:g) 
Feed 
consumption
(g/hen/day) Protein level 
Energy 
level 
P1 
E1 58.5 40.8 57.3 43.2 75.5 2.6 103.3 
E2 60.0 42.0 57.4 43.5 75.9 2.7 108.3 
E3 60.0 40.1 58.4 44.3 76.0 2.5 98.7 
P2 
E1 59.3 37.0 57.4 43.6 76.3 2.9 103.9 
E2 57.8 42.2 56.6 42.8 75.7 2.4 97.3 
E3 59.5 44.2 56.9 43.3 76.3 2.4 106.3 
P3 
E1 59.5 40.2 58.1 43.3 74.5 2.7 104.4 
E2 59.7 39.7 58.0 43.2 74.5 2.6 100.7 
E3 58.7 38.6 57.9 43.3 74.8 2.8 103.7 
SEM  0.99 1.31 0.66 0.47 1.0 0.11 1.55 
Protein×Energy  NS * NS NS NS * ** 
 
*P ≤ 0.05. 
**P ≤ 0.01. 
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Table 6.7 The effect of protein levels during the growing period and age on 
internal egg characteristics (40 to 64 wk of age) 
 
Treatment Albumen 
wt 
(g) 
Albumen 
height 
(mm) 
Haugh 
unit 
Yolk 
wt 
(g) 
Yolk 
height 
(mm) 
Yolk 
width 
(mm) 
Yolk 
index Protein level 
Age 
(weeks) 
P1 
40 35.2 9.8 98.7 15.9 18.5 41.2 45.0 
44 36.2 10.3 100.7 15.2 17.7 40.5 43.7 
48 37.6 9.6 96.7 16.7 17.6 43.3 40.7 
52 37.7 10.1 99.3 17.3 18.0 42.7 42.2 
56 35.8 9.7 98.6 15.4 16.9 41.7 40.5 
60 34.1 10.4 101.5 16.4 16.8 42.7 39.3 
64 36.7 9.2 95.2 16.0 17.0 42.6 40.0 
P2 
40 35.6 9.8 98.5 15.4 19.0 40.6 46.8 
44 35.1 10.5 101.5 15.7 18.2 41.5 43.9 
48 37.7 10.0 98.7 16.4 17.0 42.5 40.0 
52 35.8 10.3 100.5 16.3 17.8 41.9 42.7 
56 35.7 9.7 98.1 15.6 17.5 42.4 41.4 
60 34.5 10.3 101.0 15.7 17.3 41.5 41.6 
64 37.5 9.6 97.5 15.3 17.3 41.7 41.5 
P3 
40 34.3 10.5 102.1 15.7 18.7 42.0 44.7 
44 34.8 11.1 104.0 15.8 17.7 41.5 43.2 
48 36.5 10.0 98.8 17.0 18.3 43.2 42.3 
52 37.7 10.2 99.8 16.7 17.5 42.5 41.3 
56 35.7 10.3 100.6 16.8 18.0 43.0 41.9 
60 35.1 10.6 102.3 16.1 17.9 41.9 42.8 
64 36.7 9.6 97.6 15.8 17.2 41.8 41.0 
SEM  1.27 0.32 1.30 0.37 0.33 0.51 0.88 
Protein 
effect  NS * * * NS NS NS 
P1  36.2 9.9b 98.7b 16.1ab 17.5 42.1 42.1 
P2  36.0 10.0a 99.4ab 15.8b 17.7 41.7 41.7 
P3  35.8 10.0a 100.8a 16.3a 17.9 42.3 42.3 
Age effect  * ** ** ** ** ** ** 
40  35.0ab 10.0BC 99.8BC 15.7B 18.8A 41.3C 45.5A 
44  35.4ab 10.7A 102.1A 15.6B 17.9B 41.2C 43.6B 
48  37.3a 9.8CD 98.0CD 16.7A 17.6BCD 43.0A 41.0C 
52  37.1a 10.2ABC 99.9BC 16.8A 17.8BC 42.3AB 42.1C 
56  35.7ab 9.9BCD 99.1C 16.0B 17.5BCD 42.4AB 41.3C 
60  34.6b 10.4AB 101.6AB 16.1B 17.3CD 42.0BC 41.2C 
64  37.0a 9.5D 96.8D 15.7B 17.2D 42.1BC 40.8C 
Protein×Age  NS NS NS NS NS NS NS 
 
A-DMeans in a column and treatment variable with no common superscript differ significantly (P ≤ 
0.01). 
a-bMeans in a column and treatment variable with no common superscript differ significantly (P ≤ 
0.05). 
*P ≤ 0.05.  
**P ≤ 0.01. 
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lowest protein level (P1). All of these internal egg characteristics were 
significantly affected by age from 40 to 64 wk of age (Table 6.7). 
Although, albumen height and Haugh unit showed fluctuation up and 
down during several weeks, they were slightly reduced when age 
advanced. 
There was no significant interaction between protein levels used 
earlier and age (40 to 64 wk of age) on all internal egg characteristics 
measured (Table 6.7). 
6.3.6 The effect of dietary energy levels during the growing period 
on internal egg characteristics (40 to 64 wk of age) 
Internal egg characteristics of birds at 40 to 64 wk of age, were 
not significantly influenced by dietary energy levels used during the 
growing period except Haugh unit which was affected significantly 
(P≤ 0.05) affected by energy levels fed to the pullets during the 
growing period (Table 6.8). The best Haugh unit was observed with 
the medium energy level (E2), whereas the lowest Haugh unit was 
recorded with (E1) level of energy. There was no interaction between 
dietary energy levels fed to the birds during the growing period and 
age from 40 to 64 weeks on internal egg characteristics (Table 6.8).   
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Table 6.8 The effect of energy levels during the growing period and age on 
internal egg characteristics (40 to 64 wk of age) 
 
Treatment  Albumen 
wt 
(g) 
Albumen 
height 
(mm) 
Haugh 
unit 
Yolk 
wt 
(g) 
Yolk 
height 
(mm) 
Yolk 
width 
(mm) 
Yolk 
index Energy level Age (weeks) 
E1 
40 34.9 9.6 97.8 15.4 18.8 41.1 45.7 
44 35.5 11.0 103.3 15.8 17.8 41.5 43.0 
48 37.6 9.4 96.1 16.8 17.9 43.0 41.6 
52 35.7 10.1 99.7 16.8 17.7 43.0 41.3 
56 35.7 9.5 97.2 16.2 17.2 42.9 40.0 
60 33.7 9.9 99.6 15.9 17.3 42.4 40.8 
64 38.0 9.4 96.3 15.5 17.2 42.3 40.8 
E2 
40 35.1 10.8 103.2 15.9 18.9 41.4 45.7 
44 34.6 10.2 100.7 15.6 17.9 41.0 43.8 
48 37.7 9.8 97.5 16.9 16.9 43.7 38.6 
52 37.1 10.3 100.3 16.5 17.8 42.0 42.5 
56 34.6 10.0 99.8 15.7 17.6 42.3 41.7 
60 35.2 10.4 101.4 15.4 16.9 41.6 40.6 
64 38.8 10.0 99.1 15.6 17.3 41.8 41.4 
E3 
40 35.1 9.7 98.4 15.6 18.6 41.2 45.1 
44 36.0 10.7 102.2 15.5 18.0 41.1 43.9 
48 36.4 10.4 100.4 16.4 18.1 42.3 42.8 
52 38.3 10.2 99.6 17.0 17.8 42.1 42.4 
56 36.9 10.2 100.2 16.0 17.6 41.8 42.1 
60 34.8 11.0 103.8 17.0 17.8 42.1 42.4 
64 34.1 9.0 95.0 16.1 17.0 42.1 40.3 
SEM  1.27 0.32 1.30 0.37 0.33 0.51 0.88 
Energy effect  NS NS * NS NS NS NS 
E1  35.9 9.8 98.6b 16.1 17.7 42.3 75.5 
E2  36.2 10.2 100.3a 15.9 17.6 42.0 75.4 
E3  36.0 10.2 100.0ab 16.2 17.8 41.8 75.7 
Age effect  * ** ** ** ** ** ** 
40  35.0ab 10.0BC 99.8BC 15.7B 18.8A 41.3C 45.5A
44  35.4ab 10.7A 102.1A 15.6B 17.9B 41.2C 43.6B
48  37.3a 9.8CD 98.0CD 16.7A 17.6BCD 43.0A 41.0C
52  37.1a 10.2ABC 99.9BC 16.8A 17.8BC 42.3AB 42.1C
56  35.7ab 9.9BCD 99.1C 16.0B 17.5BCD 42.4AB 41.3C
60  34.6b 10.4AB 101.6AB 16.1B 17.3CD 42.0BC 41.2C
64  37.0a 9.5D 96.8D 15.7B 17.2D 42.1BC 40.8C
Energy×Age  NS NS NS NS NS NS NS 
A-DMeans in a column and treatment variable with no common superscript differ significantly (P ≤ 
0.01). 
a,bMeans in a column and treatment variable with no common superscript differ significantly (P ≤ 
0.05). 
*P ≤ 0.05.  
**P ≤ 0.01.  
  110
6.3.7 The interaction effect of dietary protein and energy levels 
during the growing period on internal egg characteristics 
(40 to 64 wk of age) 
Table 6.9 shows that the interaction effect of dietary protein by 
energy levels during the growing period on internal egg characteristics 
during (40 to 64 wk of age). There was no interaction between protein 
and energy levels fed to the birds during the growing period on 
internal egg characteristics (Table 6.9). 
6.3.8 The effect of dietary protein and energy levels during the 
growing period of pullets on hen-day egg production for the 
entire experiment (22 to 64 wk of age) 
Table 6.10 shows the effect of protein and energy levels fed to 
the pullets during the growing period on hen-day egg production. 
Hen-day egg production was significantly (P ≤ 0.01) influenced by 
dietary protein and energy levels used during the growing period 
(Table 6.10). The protein level P2 had the best hen-day egg 
production, whereas P1 had the lowest one. There was no significant 
difference between egg production of pullets fed the higher protein 
levels (P3 and P2). The birds fed the higher dietary energy levels E2 
and E3 during the growing period had the highest egg production than 
those fed the lowest level of dietary energy. 
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Table 6.9 The interaction effect of protein by energy levels during the 
growing period on internal egg characteristics (40 to 64 wk 
of age) 
 
Treatment Albumen 
wt 
(g) 
Albumen 
height 
(mm) 
Haugh 
unit 
Yolk 
wt 
(g) 
Yolk 
height 
(mm) 
Yolk 
width
(mm)
Yolk 
indexProtein level Energy level 
P1 
E1 35.5 9.6 97.6 16.1 17.4 42.2 41.2 
E2 36.9 10.1 99.8 16.0 17.5 41.9 41.8 
E3 36.3 9.9 98.6 16.4 17.7 42.2 41.9 
P2 
E1 36.2 9.9 98.8 15.8 17.8 41.9 42.5 
E2 35.3 10.1 100.2 15.6 17.4 41.7 41.9 
E3 36.4 10.0 99.2 16.0 17.9 41.6 43.1 
P3 
E1 36.0 10.0 99.3 16.4 17.9 42.9 41.9 
E2 36.3 10.4 100.9 16.3 17.9 42.3 42.4 
E3 35.2 10.6 102.1 16.3 17.9 41.6 43.1 
SEM  0.83 0.21 0.85 0.24 0.22 0.33 0.57 
Protein×energy  NS NS NS NS NS NS NS 
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Table 6.10 The effect of protein and energy levels during the growing 
period on hen-day egg production for the entire experiment 
(22 to 64 wk of age) 
 
Treatment Hen-day egg production Protein level Energy level 
P1 
E1 64.9 
E2 64.5 
E3 62.1 
P2 
E1 58.7 
E2 66.8 
E3 70.7 
P3 
E1 65.4 
E2 64.2 
E3 64.6 
SEM  0.81 
Protein effect  ** 
P1  63.9B 
P2  65.4A 
P3  64.7AB 
Energy effect  ** 
E1  63.0B 
E2  65.2A 
E3  65.8A 
Protein × energy  ** 
Protein × energy × age  NS 
 
A,BMeans in a column and treatment variable with no common superscript differ 
significantly (P ≤ 0.01). 
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There was an interaction between protein and energy levels 
during the growing period on hen-day egg production (P ≤ 0.01, Table 
6.10). With highest and lowest protein levels (P1 and P3), the egg 
production decreased when the dietary energy level increased from E1 
to E2. The best hen-day egg production for the entire experiment was 
observed with birds fed (P2E3) combination followed by (P2E2) 
(Table 6.10). It appeared that the treatment (P2E3) may be had the 
best energy to protein ratio for the birds to give the highest egg 
production and supply the birds with adequate concentrations of 
protein and energy to meet the needs for maintenance and egg 
production. Birds fed P2E1 had the lowest egg production. There was 
no protein × energy × age interaction effect for the hen-day egg 
production (Table 6.10). Figures 6.4, 6.5, and 6.6 show the effect of 
dietary energy levels with low protein level (P1), medium protein 
level (P2), and high protein level (P3), respectively, during the 
growing period on hen-day egg production on the entire experimental 
laying period (22 to 64 wk of age).       
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Fig 6.4 The effect of low protein level (P1) and energy levels 
during the growing period on hen-day egg production 
(22 to 64 wk of age) 
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Fig 6.5 The effect of medium protein level (P2) and energy levels 
during the growing period on hen-day egg production 
(22 to 64 wk of age) 
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Fig 6.6 The effect of high protein level (P3) and energy levels 
during the growing period on hen-day egg production 
(22 to 64 wk of age) 
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6.3.9 The effect of dietary protein and energy levels during the 
growing period on body weight change during the laying 
period (22 to 60 wk of age) 
Table 6.11 shows that the body weight of pullets during the 
laying period was not influenced by protein and energy levels fed to 
the birds during the growing period. Figures 6.7, 6.8, and 6.9 show the 
effect of dietary energy levels with low protein level (P1), medium 
protein level (P2), and high protein level (P3) during the growing 
period on body weight during the laying period (20 to 60 wk of age), 
respectively.     
6.4 Discussion 
The information provided by this experiment indicates that 
there is an important point concerning the egg production that is worth 
noting. Regardless of experimental treatments, hen-day egg 
production percentages for 40 to 64 wk of age were higher than that 
during the period of 22 to 36 wk of age (Table 5.3 and Table 6.3). For 
the most part of 22 to 36 wk of age the birds were exposed to high 
ambient temperature because of high climatic temperature, which had 
a negative effect on egg production. On the other hand, during the 
period of 40 to 64 wk of age, birds were not exposed to high 
temperature (from December of 2006 to March of 2007, Appendix 2) 
as that in the period of 22 to36 wk of age (from July to November 
2006, Appendix 2), which had no negative affect on egg production. 
Hen-day egg production (40 to 64 wk of age) was not affected by 
protein and energy levels used for pullets during their growing period. 
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Table 6.11 The effect of protein and energy levels during the growing 
period on laying period body weight (22 to 64 wk of age) 
 
Treatment Body weight (g) Protein level Energy level 
 E1 1299.2 
P1 E2 1303.4 
 E3 1301.1 
 E1 1319.0 
P2 E2 1288.1 
 E3 1309.4 
 E1 1291.5 
P3 E2 1314.1 
 E3 1301.8 
SEM  4.97 
Protein effect  NS 
P1  1301.2 
P2  1305.5 
P3  1302.5 
Energy effect  NS 
E1  1303.2 
E2  1301.9 
E3  1304.1 
Protein × energy  ** 
Protein × energy × age  NS 
 
**P ≤ 0.01. 
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Fig 6.7 The effect of low protein level (P1) and energy levels 
during the growing period on laying period body weight 
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Fig 6.8 The effect of medium protein level (P2) and energy levels 
during the growing period on laying period body weight 
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 Fig 6.9 The effect of high protein level (P3) and energy levels 
during the growing period on laying period body weight 
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Our results are in congruence with the findings of Leeson et al. 
(1997) who reported that egg production was not influenced by 
conventional or low protein diets fortified with additional amino acids 
fed to the birds during the rearing period. 
The current study is in line with the results of Keshavarz 
(1998), who revealed that egg production from 38 to 66 wk of age was 
not influenced by energy and protein levels (2,816 vs 3,036 kcal of 
ME/kg of diet) fed to the birds during the growing period. 
Egg characteristics (egg length, egg width, shape index, egg 
weight, and egg mass during 40 to 64 wk of age were not influenced 
by dietary protein and energy levels fed to the birds during the 
growing period (Table 5.7). These results are in agreement with 
Keshavarz (1998) findings who reported that egg weight and egg mass 
from 38 to 66 wk of age were not influenced by neither high or low 
protein sequence (22, 18, and 16% vs 18, 16, and 14%) used during 0 
to 6, 6 to 12, and 12 to 18 wk of age nor high or low energy levels 
(2,816 vs 3,036 kcal ME/kg of diets) fed to the pullet during the 
growing period. The observations of the current study were also in 
line with the findings of Leeson et al. (1997), who concluded that egg 
weight from 18 to 70 wk of age and egg mass from 34 to 70 wk of age 
were not influenced by protein levels fed to the birds during the 
rearing period. Similarly, feed consumption and feed conversion ratio 
during 40 to 64 wk of age were not influenced by protein levels used 
during the growing period. 
Egg weight and egg mass were significantly influenced by age 
at 40 to 64 weeks. The highest egg weight was observed at 48, 52, and 
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64 wk of age. Egg weight at 48 and 52 wk of age were significantly 
different from those at 40, 56, and 60 wk of age. The best egg mass 
was recorded at 48, 56, 60, and 64 wk of age. Whereas the lowest egg 
mass was recorded at week 52. There was no protein by age 
interaction effect on feed consumption, feed conversion, and egg 
characteristics during 40 to 64 wk of age. This observation may be 
due to the hen-day production at 52 wk of age (Table 6.1), which 
could be influenced by any change in the climatic conditions and 
consequently the egg mass. Feed consumption and feed conversion 
ratio during 40 to 64 wk of age were also not influenced by energy 
levels used during the growing period. These results were consistent 
with Keshavarz (1998) who concluded that no significant effect of 
dietary energy (2,816 vs 3,036 kcal ME/kg of diets) during the 
growing period on feed consumption and conversion from 18 to 66 wk 
of age. There was no interaction between energy levels fed during the 
growing period and age from 40 to 64 weeks. There was an interaction 
between energy and protein levels for the egg mass. Although, the egg 
weight of P2E3 combination was not the highest one but the best egg 
mass was recorded with P2E3 combination between protein and 
energy (Table 6.6). 
Results regarding the effect of protein levels used for pullet 
during their rearing period on the internal egg characteristics revealed 
that Haugh unit (40 to 64 wk of age) was also influenced by protein 
levels fed to the pullets during the growing period. This result may be 
due to protein, which support the albumen by amino acids and 
increase the quality of albumen and consequently improve the Haugh 
  124
unit. Protein levels fed to the birds during the growing period affected 
the yolk weight from 40 to 64 wk of age. Birds fed highest protein 
level (P3) had greater yolk weight than those fed the medium protein 
level (P2), but not those fed the lowest protein level (P1). All of these 
internal egg characteristics were significantly affected by age from 40 
to 64 wk of age. Although, albumen height and Haugh unit showed 
fluctuation up and down during several weeks, they were slightly 
reduced when age advanced. These results are consistent with 
previous reports showed the albumen quality declines with birds age 
(Roberts and Ball, 2004; Silversides and Scott, 2001). 
In our trial, hen-day egg production for the entire experimental 
period was influenced by dietary protein and energy levels used 
during the growing period (Table 6.10). The protein level P2 had the 
best hen-day egg production, whereas P1 had the lowest one. There 
was no significant difference between egg production of pullets fed 
the higher protein levels (P3 and P2). The birds fed the higher dietary 
energy levels E2 and E3 during the growing period had the highest 
egg production than those fed the lowest level of dietary energy. Our 
findings were in agreement of those of Nahashon et al. (2007). Who 
reported that the percentages of hen-day egg production were higher 
for pullets fed 3000 and 3100 kcal of ME/kg of diet at 0 to 8 wk of 
age than those fed 2900 kcal of ME/kg of diet. Similar pattern was 
observed for the protein 22 and 24% than those fed 20% crude protein 
diets. Leeson et al. (1997) reported that regardless of strain, pullets 
with smaller body weight matured more slowly and produced less 
total egg mass to 70 wk of age. Hen-day egg production had 
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significantly positive correlation (P≤ 0.05) with egg mass (0.96) 
(Nahashon et al., 2007). Body weight at age of housing was affected 
by protein levels used in feeding of birds during the growing period 
(Doran et al., 1983). Because of that it seems that the dietary protein 
levels used during the growing period may affect directly or indirectly 
the hen-day egg production. The precedence demands of energy is for 
the functions of the body than egg production, so any reduction in 
feed consumption could have a significant effect on the amount of 
energy diverted to number of egg produced and consequently the egg 
mass. Thus it is very important to have good pullet body weight at the 
onset of lay and to feed and manage the birds so as the maximum 
amount of nutrients are diverted the production and egg mass. The 
highest hen-day egg production for the entire experiment was 
observed with birds fed (P2E3) combination followed by (P2E2). It 
appeared that the treatment (P2E3) had the best energy to protein ratio 
for the birds to give the highest egg production and supply the birds 
with adequate concentrations of protein and energy to meet the needs 
for maintenance and egg production. Birds fed P2E1 had the lowest 
egg production. 
The present study indicates that pullets body weight changes 
during the laying period was not influenced by protein and energy 
levels used during the growing period. These results confirm the 
conclusion of Doran et al. (1983), who used dietary regimens 
consisted of either a step-down protein, high energy feeding program; 
a step-down protein, low energy program; a step-up protein, high 
energy program; or a step-up protein, low energy program. He 
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mentioned that mature body weight was not affected by grower 
feeding program. Our results are also in line with the findings of 
Leeson et al. (1997), who reported that body weight during the laying 
period was not affected by conventional or low protein diets fortified 
with additional amino acids fed to the birds during the growing period. 
the only exception is that body weight at 22 wk of age, which was 
differ for the birds fed conventional protein diets. In the current study, 
although protein levels used during the growing period had no effect 
on body weight during the laying period, the dietary protein levels had 
effects on body weight during the growing period. The effect of high 
protein diets on body weight during the growing period has                  
a carryover effect on egg production (Table 6.10). 
Based on this study, the best egg mass during 40 to 64 wk of 
age and the highest hen-day egg production for the entire experimental 
period were observed for birds fed the (P2E3) diet. Dietary protein 
and energy levels used for pullets during the growing period affected 
the hen-day egg production for the entire experimental period, so it is 
very important to feed the suitable levels of protein and energy during 
the growing period. Thus, it is advisable to provide the pullets by 
(P2E3) diet during the growing period. 
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CHAPTER SEVEN 
 
Nutrient Composition of Main Poultry Feed Ingredients Used in 
Sudan and Their Variations from Local Standard Tables Values 
 
7.1 Introduction 
The poultry feeding costs constitute about 50-70% of the total 
cost of poultry production. Because of that the development of poultry 
industry depends upon the large extent on the availability of feedstuffs 
that are used or can be made suitable for use in poultry nutrition. 
Yellow maize and soybean meal are the two major ingredients used in 
poultry nutrition. The availability of these two feed ingredients in 
Sudan is very rare due to their high cost. This has made poultry 
nutritionists in Sudan to search and use feed ingredients produced 
locally in low cost. 
Sorghum (Feterita), groundnut cake, sesame cake, and wheat 
bran are considered as the main source of energy and protein in 
poultry diets in Sudan. The relatively lower price has made sorghum 
(Feterita) preferable to other cereals as a source of energy for poultry 
diets in Sudan.  
Some factors affect the chemical composition of sorghum, 
groundnut, sesame, and wheat. Reasons for that variability in the 
chemical composition can be intrinsic (variety) and extrinsic factors 
(growing conditions, storage, growing season, geographical locations 
…etc.), both of which affect nutrient availability. However, these 
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factors are not always considered when formulating the rations for 
poultry. Nelson et al. (1975) reported a high variability in the 
metabolizable energy values of sorghum grains. The protein content in 
whole sorghum grain is in the range of 7 – 15% (FAO, 1995; Beta      
et al., 1995). Wheat chemical and physical traits may vary depend 
upon variety. For example wheat hardness (Oury et al., 1998; Morris, 
2002; Chantret et al., 2005), activity of phytase (Kim et al., 2003), 
total non starch polysaccharides (Carré et al., 2002) have been shown 
to depend on wheat cultivar. The energy value is not constant and that 
may happens due to the conditions of harvesting (Zijlstra et al., 1999), 
post-harvest storage (Kim et al., 2003) or growing location (George 
and McCracken, 2003) that influence chemical composition within the 
same cultivar. Growing season has an effect on specific weight, 
endosperm hardness, content of crude protein and starch and total non 
starch polysaccharides content of wheat (Kim et al., 2003). Post-
harvest storage and conditions change the chemical composition (Kim 
et al., 2003) and hence the nutritional value of wheat (Choct and 
Hughes 1997, 1999 McNab and Knox, 1999; Pirgozliev et al., 2006). 
Jacob et al. (1996) concluded that the same sunflower cake and 
sesame cake are high yielding protein source in layer diets. Lee et al. 
(2005) reported that sesame seed is composed of 45 to 50% lipid, 15 
to 20% protein, and 10 to 15% carbohydrate. Mamputu and Buhr 
(1995) revealed that sesame meal is considered as an important source 
of protein (47.1%). Kaneko et al. (2002) reported that sesame meal 
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contained 52.9% crude protein. Batal et al. revealed that peanut 
nitrogen-corrected metabolizable energy ranged from 2,273 to 3,009 
kcal/kg with a mean 2,664 kcal/kg whereas crude protein ranged from 
40.1 to 50.90% with a mean of 45.6%. They concluded that available 
peanut meal generally has lower crude protein and higher nitrogen-
corrected metabolizable energy value than that reported by the NRC 
(1994). Most of Sudanese nutritionists formulate their poultry diets on 
local standard tables (Bulletin III) reported by (Sulieman and 
Mabrouk 1999). Detailed values of these local standard tables are 
available on the following Web site: http//:www.sudanimals. 
com/feeds/. These tables include the chemical composition of these 
ingredients in fixed figures without considering the variability in 
nutrients, which may happen due to any external factors such as soil 
type, climatic conditions, season of growing, etc. Because of intrinsic 
and extrinsic factors affecting these values this study was conducted to 
show the importance of the analysis of these ingredients prior to diets 
formulations for poultry. 
7.2 Materials and methods 
Sorghum (Feterita), wheat bran, groundnut cake, and sesame 
cake samples were brought randomly from local markets of Khartoum 
the capital of Sudan to investigate their chemical composition          
and compare the results with their values in the tables of the nutrient 
composition of Sudanese animal feeds (Bulletin III), which was 
reported by (Suleiman and Mabrouk, 1999). The chemical 
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composition of these ingredients is presented in Table 7.1.               
The sorghum (Feterita), groundnut cake, sesame cake, and wheat bran 
were subjected to proximate analysis by standardized method 
according to VDLUFA III ed. Naumann and Bassler (1996), for the 
crude protein, crude fibre, moisture, ash, and fat. Amino acids levels 
were provided by the standard method described by VDLUFA IV ed. 
Naumann and Bassler (1996). The measurement was done by Ion-
chromatography Fa/Typ: BIOCHROM 30. Amino acids analysed 
were Methionine, Lysine, Asparagine, Threonine, Serine, Glutamine, 
Glysine, Alanine, Valine, Isoleucine, Leucine, Phenylalanine, 
Histidine, Arginine, and Proline. For minerals analysis the samples 
were dried by oven, milled with 1 mm mash size. To make the sample 
soluble it was treated with 65% HNO3 and 30% H2O2 and cracked in 
the microwave (Type MarsXpress). The measurement was done with 
the Inductively Coupled Plasma-Optical Emission Spectrometry (ICP-
OES) iCAP 6300 Duo MFC Fa. Thermo. This method allows                
a simultaneously measurement of the different elements. All values 
have been adjusted to dry matter basis. Metabolizable energy values in 
the tables were calculated by the modified equation of Ellis (1981): 
ME = 1.549 + 0.0102 CP + 0.0275 oil + 0.0148 NFE – 0.0034 fibre. 
Where; 
ME = Metabolizable energy (MJ/kg). 
CP = Crude Protein (g/kg). 
NFE = Nitrogen free extracts (g/kg).  
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Table 7.1 Chemical composition of the main poultry feed 
ingredients (dry matter basis)      
 
Composition Sorghum (Feterita)
Groundnut 
cake 
Sesame 
cake 
Wheat 
bran 
Crude fat (%) 2.65 8.34 13.42 3.45 
Crude protein (%) 14.00 45.68 43.94 18.00 
Fibre (%) 2.93 10.19 8.65 13.56 
Ash (%) 2.28 9.70 14.65 5.82 
Nitrogen free extract 
(%) 78.44 26.09 19.33 51.97 
Metabolizable 
energy (MJ/kg) 15.22 12.01 12.29 8.46 
Calcium (%) 0.05 0.65 2.12 0.18 
Phosphorus (%) 0.33 0.59 0.98 0.78 
Available 
phosphorus (%) 0.099 0.177 0.294 0.234 
Lysine (%) 0.23 1.32 0.96 0.65 
Methionine (%) 0.16 0.47 1.289 0.25 
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7.3 Results and discussion 
Proximate analysis and metabolizable energy of all ingredients 
are presented in Table 7.2. Minerals and amino acids composition of 
the ingredients are presented in Tables 7.3 and 7.4, respectively. The 
values presented in Table 7.1 were reported from the local standard 
tables (Bulletin III). The sorghum (Feterita) crude protein and fat 
values were higher by 19% and 46%, respectively from that reported 
in Table 7.1, whereas metabolizable energy, crude fiber, and ash were 
lower. In addition to the higher value of sorghum crude protein also 
the amino acids lysine and methionine were higher by 52% and 82%, 
respectively. Methionine and lysine are the first and second limiting 
amino acids, respectively, in poultry diets. Hence, sorghum has good 
level of methionine and lysine. Calcium content of sorghum was 
lower, whereas phosphorus level was higher.   
The groundnut cake crude protein was higher than that in Table 
7.1 (53.44 vs. 45.68%). These results disagreed with Batal et al. 
(2005) who reported that crude protein of peanut meal was lower than 
that reported by the (NRC, 1994). It ranged between 40.1 to 50.9% 
with average of 45.6%. These differences might be due to the degree 
of processing has been done for each.  In contrast to the higher of 
crude protein, samples evaluated in this study had lower ME (11.80 
vs. 12.01 MJ/kg). Crude fat, crude fiber and ash were lower by 10, 16, 
and 46%, respectively. Methionine and lysine were higher than that 
reported in Table 7.1. Phosphorus level was higher, whereas calcium 
level was lower. 
The sesame cake crude protein was higher than that in Table 7.1 
(44.42 vs. 43.94). The values of metabolizable energy, crude fat, ash,
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Table 7.2 Analyzed nutrient composition of the main poultry feed 
ingredients (dry matter basis) 
 
Composition Sorghum (Feterita) 
Groundnut 
cake 
Sesame 
cake 
Wheat 
bran 
Crud fat (%) 3.86 7.47 13.11 4.88 
Crude protein (%) 16.65 53.44 44.42 18.69 
Fibre (%) 1.97 8.55 8.75 8.75 
Ash (%) 1.81 5.27 14.15 5.66 
Nitrogen free extract 
(%) 67.65 20.54 14.48 53.61 
Metabolizable energy 
(MJ/kg)* 14.25 11.80 11.53 12.43 
* ME calculated according to Sulieman and Mabrouk (1999). 
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Table 7.3 Minerals composition of main feed ingredients of 
poultry in Sudan (dry matter basis) 
 
Component Sorghum Groundnut cake 
Sesame 
cake 
Wheat 
bran 
Calcium (%)  0.03 0.08 1.93 0.08 
Potassium (%) 0.34 1.11 1.10 1.16 
Magnesium (%) 0.16 0.34 0.65 0.47 
Phosphorus (%) 0.41 0.65 1.17 1.36 
Boron (mg/kg) 2.07 27.50 26.55 4.69 
Cooper (mg/kg) 7.50 15.85 45.51 15.61 
Iron (mg/kg) 118.22 215.70 304.92 154.17 
Manganese (mg/kg) 19.80 52.17 71.96 147.61 
Molybdenum (mg/kg) 0.61 1.07 1.89 1.27 
Zinc (mg/kg) 41.01 68.54 136.45 104.269 
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Table 7.4 Total amino acid composition (%) of main feed 
ingredients of poultry in Sudan (dry matter basis) 
 
Amino acid Sorghum Groundnut cake 
Sesame 
cake 
Wheat 
bran 
Methionine 0.2925 0.4868 1.2852 0.2676 
Asparagine 1.2291 6.5283 3.7549 1.3782 
Threonine 0.4822 1.4230 1.5449 0.6036 
Serine 0.6937 2.7318 2.0958 0.7963 
Glutamine 3.6760 9.6101 8.3284 3.7722 
Glysine 0.4786 2.9360 2.2078 1.0207 
Alanine 1.5789 2.0991 2.0461 0.9189 
Valine 0.7779 1.9813 1.8360 0.8124 
Isoleucine 0.6268 1.6962 1.5155 0.5573 
Leucine 2.2946 3.3645 2.9160 1.1494 
Phenylalanine 0.8592 2.8017 2.010 0.7637 
Histidine 0.3482 1.2714 1.1017 0.5227 
Lysine 0.3501 1.8185 1.0943 0.8136 
Arginine 0.6166 6.3532 5.5518 1.3509 
Proline 1.2793 2.4955 1.6253 1.2319 
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calcium, and methionine were lower whereas for phosphorus, and 
lysine were higher as compared to the values of Table 7.1. These 
variations might be due to the differences in variety, soil type, 
dehulling and the method of oil extraction.  
The wheat bran values of crude protein, metabolizable energy, 
crude fat, phosphorus, methionine, and lysine were higher, whereas 
the values of crude fiber, and calcium were lower than that reported in 
Table 7.1.  
In all ingredients the crude protein and the essential amino acids 
particularly lysine and methionine were higher than that reported in 
Table 7.1. These promising results will decrease the cost of poultry 
feeding because the low quantity of ingredients could supply high 
level of protein with high essential amino acids contents. The findings 
of the present study showed that calcium to phosphorus ratios of the 
ingredients were lower than that in Table 7.1. Increasing calcium to 
phosphorus ratio decreased body weight gain, feed intake, toe ash 
content, and retention of phosphorus and calcium for broilers (Qian     
et al., 1997). Because of that calcium to phosphorus ratios should be 
calculated precisely when formulating the diets for poultry. In this 
study all feed ingredients had variations from the tables reported by 
(Sulieman and Mabrouk, 1999). These variations might be due to 
variety, soil type, season of growing and harvesting, type of storage, 
and the method of processing. All of these factors will affect directly 
or indirectly the values of ingredient chemical composition, so it is 
very important to make analyses before formulating the poultry diets 
to insure the accuracy of the expecting nutritional values especially in 
the field of research.  
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CHAPTER EIGHT  
GENERAL DISCUSSION 
 
In the present study, the results indicated that pullets body 
weights were affected by protein levels used during the growing 
period (starter, grower, and developer). High levels of protein (P2 and 
P3) resulted in higher pullets body weights than those fed the lowest 
protein level during the periods of growth. Body weight gain of pullets 
fed the higher levels of protein P2 and P3 were greater than those fed 
low protein level P1 at starter period (P ≤ 0.01). Body weight gain was 
affected significantly (P ≤ 0.05) by protein levels during the grower 
period. At developer period, body weight gain was not influenced by 
protein levels fed to the pullets. These results are in agreement of 
Keshavarz (1998) who reported that body at 18 week of age was 
increased due to the use of high protein sequence (22, 18 and 16% vs 
18, 16 and 14% that were used during 0-6, 6-12 and 12-18 week of 
age, respectively. Summers and Leeson (1983) reported that egg 
weight during production cycle has positive correlation with body 
weight at age of housing. The protein in the current study affected 
significantly the body weight during all growing periods, body weight 
gain during starter and grower periods and improved the feed 
conversion during the starter period. Thus, it is better to use the high 
protein levels during the early growing periods (starter and grower) 
without insisting using high protein levels during the developer 
period. In the present study, the weight gain during the developer 
period was not influenced by dietary protein levels used. Keshavarz 
and Nakajima (1995) reported that no beneficial effect at 18 weeks 
body weight was observed when pullets were fed an 18% as compared 
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to a 14% crude protein diet from 14-18 wk of age. Summers and 
Leeson (1993) did not observe improvement in body weight of pullets 
at 20 week of age due to increased protein and energy in the diet from 
16-20 week of age. Feed consumption was not influenced by dietary 
protein levels fed to the birds during the growing period. 
Energy levels fed to the pullets during the growing period had 
no significant effect on feed consumption, feed conversion, body 
weight, and body weight gain. The only exception was at the starter 
period for the body weight and body weight gain. There was               
a significant (P ≤ 0.01) interaction between protein and energy levels 
for body weight gain during the starter period. With high energy levels 
(E2 and E3), the weight gain significantly increased due to the use of 
high protein levels (P2 and P3) during the starter period. The best 
body weight gain during the starter period resulted from P2E3 diet fed 
to the pullets. The lowest body weight gain during the starter period 
resulted from P1E3 diet provided to the pullets. Golian and Maurice 
(1992) reported that birds consume feed to primarily meet their energy 
requirement. As such, birds on lower caloric diets will tend to 
consume more feed to meet their energy needs as opposed to those fed 
diets containing higher caloric diets. Thus, the highest energy diet E3 
resulted in decreased feed consumption at the same time the lowest 
protein level P1 did not fulfil the needs for good body weight gain, for 
this reason P1E3 gave the lowest body weight gain. It is well 
documented that dietary energy composition has a major effect on the 
chicken body composition (Collin et al., 2003). Increasing dietary 
energy promoted the growth rate (Waldroup et al., 1990). Although, 
dietary energy levels had a significant effect on body weight and body 
weight gain only during the starter period but the interaction between 
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energy and protein should be considered when formulating the diet for 
pullets especially during the early weeks of age because the body vital 
organs will be achieved during the first 12 weeks of age. 
The current study shows the effect of dietary protein and energy 
levels fed to the pullets during the growing period on carcass 
characteristics at 25 week of age. The weight of different organs were 
not influenced by protein and energy levels during the growing period. 
The only exception was recorded for the oviduct weight (P ≤ 0.01) and 
spleen weight (P ≤ 0.05). The larger oviduct weights of birds were 
observed for the higher levels of protein P2 and P3 than those of birds 
fed the lowest protein level P1. The larger oviduct weights of birds 
were recorded for E3 and E1 than those fed the other energy level. 
These results are not in agreement with the findings of Keshavarz 
(1998) who reported that the different organs were not influenced by 
energy and protein levels used during the growing period. Depending 
upon our results, providing the pullets with higher levels of protein 
(P2 and P3) and high level of energy (E3) will result in larger weights 
of oviducts, so it is advisable to use the high levels of protein and 
energy, because good egg production is depending upon well 
developed oviduct. 
The results show that age at first egg and 50% production were 
affected only by protein levels used during the growing period. These 
ages were advanced by using high level of protein during the growing 
period. Keshavarz (1998) reported that energy levels fed to the birds 
during the growing period had no effect on the age at first egg or 50% 
production. However, these ages were advanced for the birds fed the 
high protein sequence. The results of the present study are consistent 
with the findings of El-Zubeir and Mohammed (1993) who reported 
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that the ages of birds at the point of lay and 50% production were 
decreased by increasing the dietary protein level. These findings show 
the importance of using high protein diet during early stages of 
growing. 
In phase one of egg production (22 to 36 week of age), egg 
weight, length, and width and feed consumption were not affected by 
dietary protein levels fed to the birds during the growing period. Egg 
mass was influenced significantly (P ≤ 0.01) by dietary protein levels 
fed to the birds during the growing period. The higher dietary protein 
levels (P2 and P3) fed to the birds during the growing period had 
higher egg mass than those fed the lowest protein level P1. Pullets fed 
the higher dietary protein levels (P2 and P3) had the best feed 
conversion (P ≤ 0.01) for hens than those fed lower dietary protein 
level (P1). This result is conflicting with Keshavarz (1998) who 
reported that egg mass was not affected by dietary protein levels used 
during the growing period. 
 Egg weight, mass, length, width and shape index and feed 
conversion were not influenced by dietary energy levels fed to the 
birds during the growing period. The internal egg characteristics were 
not influenced by dietary protein and energy fed to the birds during 
the growing period. The only exception was yolk weight, which was 
greater (P ≤ 0.05) for the birds fed the medium dietary protein level 
(P2) than those fed the others levels. Hen-day egg production was 
influenced (P ≤ 0.01) by protein levels. P2E3 diet had the best hen-day 
egg production. 
In phase two of egg production (40 to 64 week of age), egg 
length, width, shape index, weight, and mass and feed consumption 
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and conversion were not affected by dietary protein and energy levels 
fed to the birds during the growing period. These results confirm the 
observation of Keshavarz (1998) who reported that egg weight and 
mass from 38 to 66 week of age were not affected by high or low 
protein sequence (22, 18, and 16% vs 18, 16, and 14% CP) fed to the 
pullets during 0 to 6, 6 to 12, and 12 to 18 week of age, respectively. 
Leeson et al. (1997) reported that egg mass from 34 to 70 week of age 
was not influenced by protein levels used during the growing period. 
There was an interaction between energy and protein levels during the 
growing period for the egg mass (P ≤ 0.05). The highest egg mass was 
observed for the birds fed P2E3 diets. Albumen height, Haugh unit, 
and yolk weight were significantly (P ≤ 0.05) influenced by protein 
levels fed to the birds during the growing period. The greater albumen 
heights were observed for the higher protein level (P2 and P3). 
Depending upon the current results, the high quality of egg at later 
stages of laying could be achieved by supplying the pullets with high 
levels of protein during their growing period. Internal egg 
characteristics were not influenced by dietary energy levels used 
during the growing period. The only exception was for the Haugh unit 
which was greater (P ≤ 0.01) for the medium energy level (E2). Hen-
day egg production was not affected by protein and energy levels. The 
highest egg production was recorded with P2E3 diet.  
For the entire experiment hen-day egg production was 
significantly (P ≤ 0.01) influenced by protein and energy levels used 
during the growing period. The best hen-day egg production was 
recorded with P2E3 diet. The observations of the present study about 
the egg weight are in agreement with the findings of Leeson et al. 
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(1997). They revealed that egg weight from 18 to 70 week of age was 
not influenced by protein levels fed to the birds during the growing 
period. Hens body weight during the entire laying cycle was not 
affected by protein and energy levels fed to the birds during the 
growing period. Although, this experiment lasted in 66 weeks, the 
birds were observed for nine months for the persistency of production 
after flock liquidation. The hens fed the higher protein during the 
growing period (P2 and P3) had the best capability to sustain high 
production. P2E3 diets had the best sustainability of high production 
after flock liquidation. 
The second part of the present study was conducted to 
investigate the nutrient composition of main poultry feed ingredients 
in Sudan and their variations from local standard tables values. The 
aim of this study was to increase the awareness of the importance of 
making analysis for ingredients before diet formulation particularly in 
the field of research. 
The sorghum (Feterita) crude protein and fat values were higher 
by 19% and 46%, respectively from that reported by Sulieman and 
Mabrouk (1999), whereas metabolizable energy, crude fiber, and ash 
were lower. In addition to the higher value of sorghum crude protein 
also the amino acids lysine and methionine were higher by 52% and 
82%, respectively. Methionine and lysine are the first and second 
limiting amino acids, respectively, in poultry diets. Hence, sorghum 
has good level of methionine and lysine. Calcium content of sorghum 
was lower, whereas phosphorus level was higher. 
The groundnut cake crude protein was higher than that reported 
by Sulieman and Mabrouk (1999) (53.44 vs. 45.68%). These results 
disagreed with Batal et al. (2005) who reported that crude protein of 
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peanut meal was lower than that reported by the (NRC, 1994). It 
ranged between 40.1 to 50.9% with average of 45.6%. These 
differences might be due to the degree of processing has been done for 
each.  In contrast to the higher of crude protein, samples evaluated in 
this study had lower ME (11.80 vs. 12.01 MJ/kg). Crude fat, crude 
fiber and ash were lower by 10, 16, and 46%, respectively. 
Methionine and lysine were higher than that reported by Sulieman and 
Mabrouk (1999). Phosphorus level was higher, whereas calcium level 
was lower. 
The sesame cake crude protein was higher than that reported by 
Sulieman and Mabrouk (1999) (44.42 vs. 43.94). The values of 
metabolizable energy, crude fat, ash, calcium, and methionine were 
lower whereas for phosphorus, and lysine were higher as compared to 
the values of local standard tables. These variations might be due to 
the differences in variety, soil type, dehulling and the method of oil 
extraction. 
The wheat bran values of crude protein, metabolizable energy, 
crude fat, phosphorus, methionine, and lysine were higher, whereas 
the values of crude fiber, and calcium were lower than that reported 
by Sulieman and Mabrouk (1999). 
These variations might be due to variety, soil type, season of 
growing and harvesting, type of storage, and the method of 
processing. The method of chemical analysis may also the cause of 
variations. All of these factors will affect directly or indirectly the 
values of ingredient chemical composition, so it is very important to 
make analyses before formulating the poultry diets to insure the 
accuracy of the expecting nutritional values especially in the field of 
research.      
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CONCLUSION AND RECOMMENDATIONS 
 
 
• From the results of this study, it would appear that protein 
affected the body weight of pullets at all phases of growth.  
• Body weights of pullets at all phases of growth were 
consistently greater for P3 and P2 protein levels. 
• Body weight gain was significantly influenced by protein levels 
used during the growing period except at developer period. 
• There was no significant effect of energy levels fed to the 
pullets during their growing period on body weight, body 
weight gain, feed consumption, and feed conversion. The only 
exception was for the body weight and body weight gain during 
the starter period. 
• Feed consumption was not affected by protein and energy levels 
used during the growing period. 
• Ages at the first egg and 50% production were reduced only by 
protein levels during the growing period. 
• This research as last support the hypothesis of (egg weight was 
not influenced by dietary energy and protein levels fed to the 
pullets). 
• Hen-day egg production during the entire experimental period 
was influenced by protein and energy levels used during the 
growing period. 
• The highest egg mass and hen-day egg production at all phases 
of egg production were recorded for pullets at treatment P2E3.  
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• The P2E3 diets may have provided energy to protein ratio that 
provided the better protein and energy utilization for birds. 
• The internal egg quality (22 to 36 wk of age) was not influenced 
by dietary energy levels used during the growing period. 
• External egg characteristics (40 to 64 wk of age) were not 
affected by energy levels during the growing period. 
• It is better to use high level of protein during the early growing 
period (starter and grower) to fulfill the needs of pullets 
especially at that time. That is because body weight at 6 wk of 
age has been shown to be positively correlated with 
performance and 90% of the frame size of the body will develop 
by 12 to 14 wks of age.  
• The treatment P2E3 should be adopted for pullets during their 
growing period. 
• Confirmatory chemical analysis should be done for the 
ingredients before formulating the poultry diets.    
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APPENDICES  
 
Appendix 1. Determination of total blood lipids 
Reagents: 
a  Concentrated H2SO4. 
b  Vanillin 0.6% (W/V) water. 
Phospho-vanillin reagent: 
200 ml 0.6% vanillin and 800 ml concentrated phosphoric acid and 
store in a brown bottle (valid for two months). 
c Stock standard: 
1 gram of olive oil in 100 ml ethanol. 
Procedure: 
1- 0.1 ml serum, 0.1ml for standard 
2- 2.0 ml concentrated H2SO4  placed in boiling water bath for 10 
minutes and then cool. 
3- Transfer 0.1 of the mixture into a clean test tube. 
4- 5.0 ml of phospho-vanillin reagent is added, then the tube well 
mixed and incubate in a water bath at 37oC for 15 minutes. 
5- Cool, set the spectrophotometer wavelength at 540 nm, and 
read. The colour is stable for at least 10 minutes. 
 
Calculation: 
   
STANDARD
TEST × 100 = TOTAL LIPID IN TEST (mg/ml) 
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Appendix 2. Maximum and minimum temperature during 2006 
and 2007 months  
 
Month 
2006 2007 
Maximum 
temperature 
(ºC) 
Minimum 
temperature 
(ºC) 
Maximum 
temperature 
(ºC) 
Minimum 
temperature 
(ºC) 
January 33.6 15.6 27.5 12.9 
February 35.6 16.1 32.2 14.3 
March 36.0 17.2 36.6 18.1 
April 38.6 19.8 39.5 20.8 
May 41.2 25.7 43.6 25.6 
June 41.0 26.8 40.8 27.2 
July 40.2 27.5 35.7 25.6 
August 36.6 27.0 35.3 25.3 
September 37.4 25.4 38.0 25.7 
October 38.7 25.5 39.7 24.7 
November 33.3 19.9 36.1 21.5 
December 28.7 13.5 32.7 18.4 
 
ºC = Celsius 
Source: Shambat Agro-Meteorological Observatory 
 
 
 
 
 
 
 
